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ABSTRACT 
One can wonder why most of the current emerging markets have large population densities; todays 
emerging market accounts for nearly 48% of the world’s population.  Arguments of whether population 
growth contributes to economic development are divided in opinions. Malthus who was a pessimist was 
of the view that population growth if unchecked will surpass the ability to produce enough to sustain 
itself thus causing hunger disease and poverty. However optimists like Michael Kremer was to the view 
that population growth spurs technological change and thus as population grow output also grow. Both 
modern and classical theorists are divided on the effect of population on economic growth.  
This research actually was focus on investigating the conditional factors that could possibly promote 
growth in an economy with a high population density. In our research we found out that population can 
actually be a major driver of knowledge, technology and innovations; because investors with new 
knowledge, technology and innovations are seeking for large markets. But however we also noted that 
to drive growth governments need to be a key character; the role government’s play is very important 
when it comes to using population density as a driver of growth. 
Out adoption of the Unicists ontology; brings a new perspective in the study of economic growth. The 
unicist ideology makes us understand that to reach and industrialization level will require an 
accumulation of knowledge and the population density plays a vital role when it comes to accumulation 
of knowledge. 
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Chapter 1: 
Introduction and Problem Formulation 
 
 
 
 
 
1.1 Introduction 
Over the year’s researcher have pre-occupied themselves with the different factors that 
contribute to economic growth. With rising oil prices, lack of renewable source of energy and 
rising food prices, economists and researchers are increasingly worried that the current 
recession may even be deeper and long than earlier thought. And with the great depression of 
the 1930’s and early 1940’s still looming on the minds of governments and researchers, it has 
become important that economists and governments find new arenas of growth to steer 
economies out of the current recession. 
 
To promote economic growth in modern economies, it is very common to see governments fight 
monopolies, create free and competitive markets as well as creating conducive environments that 
support innovations. Most of these governments are aware that technology, monetary situation, 
competitiveness and scarcity are key indicators for growth and thus adopt various measures to exploit 
these indicators to their advantage. Thus to stimulate growth in economies need to increase the value 
of their technology being used through innovations, generate monetary circulation in the market and be 
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competitive by influencing the market to gain a market share. Growth in these situations will come from 
a country’s ability to combine competitiveness with technological innovations to generate monetary 
circulation in the market within an environment of scarcity. 
‘Innovative  driven’ economic growth strategies has always been a capital intensive activity for 
government’s and organization’s as well  and potentially can lead to high prices and unemployment; 
high price in the sense that as organization’s  invest in new technologies, it factors in the cost of such 
investments in the unit price of products produced  and unemployment may result from the fact that 
such new technologies  as computers  may replaces jobs done by employees in the various 
organizations.  Economist are very pessimistic about the over- reliance on the innovative driven 
economic growth in the long term, because as noted in the current recession, such economies are not 
able to keep price down, there is the loss of investor and consumer confidence, sky rocket 
unemployment, and the longer these condition persist, it can causes widespread panic and thus 
inhibiting the governments recovery efforts. 
In general terms the recipe for economic growth is the ability of an economy to create value from its 
resources, and the only way it can be done effectively is through innovations. 
 
1.2 Defining the Problem 
The population of an economy has been one of the most important factors when it comes to growth in 
the economy. In most situations it is presumed that population and economic growth has inverse or 
negative relationship. It has been proven in third – world countries that, as a countries population 
increase beyond normal limits, pressure is exerted on basic amenities such as healthcare and education, 
which means that governments always have to over spend their budgets to provide these basic 
amenities in situations of high population growth. The long run effects will be high debts, budget 
deficits, falling standards of living as a result of reduced GDP. Meier (1995) is of the view that high 
population growth does not only create food problems but also limits savings, foreign exchange and the 
development of Human Resources. Because of these perceived constraints to economic growth as a 
result of population growth, it was very common to see UNDP and its affiliates supporting governments 
in south America, Africa, Asia and eastern Europe in the early 1980's and 1990's, to develop proactive 
ways in helping reduce their alarming population growths. On the other hand, most western economies 
are also experiencing dramatic reduction in their birth rates, due to the fact that most people sacrificed 
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their family lives for their careers. Such dramatic drop in population growth in western countries has 
actually been a course of concern for governments and economists, especially because these western 
economies are also experiencing an aging population. 
 The question is why population growth is a hindrance to economic growth for some countries and on 
the other hand a key to economic growth for other countries. The answer may be in structural reforms 
or per capita resources. But it is  a proven fact that population growth can actually support  a countries 
economic growth, especially because  a high population growth can provide the appropriate labor force 
to support the economy, it also expands the domestic market, which means that local manufacturers 
and suppliers can increase their wealth and finally high population growth will encourage competition in 
the market place and thus resulting in innovations and technological advancement, and a typical 
examples are China and Indonesia. 
Most of the emerging markets have a high population density, suggesting that probably there is a 
relation between the population size of these economies and economic growth. The 8 fastest growth 
markets contribute to nearly 48 percent of the world’s population. 
Country Population  
Indonesia  237 
China  1339 
Brazil 192 
Russia 143 
Mexico 112 
S. Korea 50 
Turkey 74 
India 1210 
Total 3357 
Table 1.1 Source: Penn world table 2011; (population in millions) 
Emerging markets are the hottest destinations of Foreign Direct Investments (FDI’s) today. According to 
the IMF, emerging markets held about 52% share of the world’s total FDI’s in 2010. IMF suggest that the 
8 largest emerging markets  are at an advantageous positions when it comes to attracting FDI’s,  and this 
is due to their market size. Today most investors seek to be more efficient, therefore to seek for markets 
with new technology, competitively priced inputs and lab our as well as new channels of distribution. An 
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economy’s size matter when it comes to FDI’s. According to the IMF, the world 10 largest economies 
account for nearly 47% of FDI’S in 2010. United States remains the top destination for FDI’s, receiving 
$228 billion followed by china which receives $106 billion 
Emerging markets are at the frontiers of technological growth especially china, India and South Korea. 
The rapid technological change in these economies, account for their rapid economic transformation.  
Ester Boserup is   among the economists that establish a relationship between population and 
technology and technical change. Even though population growth limits resources in some countries, on 
the other hand population growth has allowed income per capita to increase in other countries 
especially the countries with very well structured educational and social institutions.  
There are strong evidence to suggest that population increase can result in the growth of output. Simon 
Kuznets suggested that, population growth accounts for growth in technology and output for a number 
of reasons. He claims that, the population of an economy act as producers because growth in the 
population contributes to the labor force; thus it allows the labor force to be mobile, so that labor can 
be moved to areas of low productivity to areas of high productivity. Kuznets was also of the views that 
as a contributor to the labor force, increase population allows for an intensive division of labor. Kuznets 
also suggests that population growth can contribute to the savings rate in an economy, and thus 
increasing the investments funds in the economy. He made this analogy by considering western 
countries which have a larger educated population and lower unemployment rates. Finally Kuznets 
believe that population growth is important to economic growth because the population act as 
consumers. This means that as the population grow, demand for products also increase, this will thus 
push producers to invest in the necessary technology to promote increased output thus prompting 
technological change.  
  
To establish a much clearer relationship between population density and economic growth, this 
research will be focused on finding a suitable answer to the question: 
‘What are the conditional factors that will enable the population density of an economy to contribute to 
economic growth?' 
This paper will analyze and test whether there is a long run association between Population growth and 
economic development. The paper will also attempt to test, whether either variables (population 
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growth and GDP growth) cause the other. Thus we will attempt to find out whether population growth 
causes economic growth or vice versa 
What previous researches in this area did was only to establish whether there is a positive or negative 
relationship between population and economic growth; however this research goes beyond just 
establishing that relationship because it provides the vital clues as to how population growth can 
actually contribute to the economic growth of an economy. Thus they key focus in this research will be 
to look at the various factors (environmental, socio-economic, technological, etc.) and structures that 
can actually support an economy by turning its population into an instrument of growth and economic 
development. 
This research is to provide a documental prove as well as historical evidence to support my assertion 
that ' countries with high populations have a greater potential for growth than countries with low 
populations'. 
 
1.3 Methodology 
To provide a suitable answer to the research question, I will review past researches in the area of 
population and economic growth; this will help clarify my perspective as I argue in support of or against 
these previous researches. I will engage in debates on the relationship between population growth and 
economic development. 
I will perform an econometrics analysis on three emerging markets; namely China Brazil, and Indonesia 
to test the relationship between population density and economic development. I will conduct four 
major econometrics tests: 
1. Ordinary Least  Squares(OLS) 
OLS analysis will test whether there is a linear relationship between population growth and GDP. The 
assumption here is that population growth or a large population density creates a large market which 
attracts investor and this investor bring into the economy capital, new technology and other factors of 
production that drives growth. 
2. Augmented Dickey Fuller Test(ADF) 
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ADF will test the time series properties of our data; thus it will test the stationarity of the given data. 
3. Johansen Co-integration 
Johansen Co-integration will test whether there is a long run relationship between population and GDP 
4. Granger Causality 
Ganger Causality test will focus on the directional causal relationship between population and GDP; thus 
this test will reveal whether population growth cause GDP or whether GDP cause population growth. 
 
1.4 The model and framework 
The model and framework provides the skeletal base upon which the empirical evidence will be 
developed and at the same time help find answers to the research question. The model is designed to 
aid in the performance of the econometrics tests on the chosen data.  The design of the model is based 
on   Kremer’s Model as well as the exogenous model of growth.  
The framework is based on a lesser known Unicist ontology of evolution or the Unicist oncologic 
intelligence of nature, which describes  that every  organizations, institutions  or economies  will grow if 
they  have a ‘purpose’, and ‘active principle’ and an energy conservation principle. Based on the Unicist 
ontology, analysis will be made on how population density can actually become a natural driver of 
growth 
1.5 Why such a research? 
This research could be beneficial to the following individuals, groups and bodies such as: 
1. Governments 
Findings in this research can actually provide support for governments to adopt structural reforms that 
can support its population into an instrument of economic and development 
2. Investors 
Investors are constantly looking for new arenas to invest and such a research can actually help these 
investors to determine some of the markets that hold investment potentials 
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3. Economists  and Researchers 
The research seeks to compliment the efforts of past researchers in their attempt to draw a line 
between population growth and economic development. Attempts will be made to concretize or 
question the claims and assertions made by past researchers.  This research will also create room for 
future research on the subject. 
4. IMF and World  Bank 
 Over the years the World Bank and the IMF has been developing different structures to help economies 
fight poverty, and thus the findings from this research can actually be one of the development tools that 
the World Bank and IMF can use to support the different economies to promote growth and 
development. 
      1.5    What I hope to accomplish with this research? 
I would want this research to educate the reader not only on the relationship between population and 
economics growth but also on how an economy works. I hope to stimulate an interest in the study of 
macroeconomics for the reader. As a prospective economist, I have a personal goal of developing a 
research material that is opened to criticisms so that I can do a further research on the subject in the 
future, based on the feedback I get. 
 
1.6     Challenges 
My major challenge was data; the available data are adjusted and therefore influenced the test results.  
Another major problem I faced was the scope of the research, this is because it was very difficult to 
narrow the scope of the research , which meant that I had to spend a lot of time and effort researching 
and reviewing different materials in order to fuller provide the appropriate answer to the research 
question.  
 
1.7 Structure of the research  
Chapter 1 
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Introduction and Problem Formulation 
This section seeks to introduce the subject, define the problem at hand and discuss how this problem 
can be solved. There will also be a discussion on why the need for such a research, and the possible 
challenges I may come across in my attempt to solve the problem. 
Chapter 2 
Theoretical Perspective 
This chapter will discuss in detail various theories and past researches on the subject. The theoretical 
section will provide the platform to debate the subject and also make assertions that will be tested later 
in the analytical chapter. There will also be a discussion of the various statistical, quantitative and 
analytical tools that will be used to solve the research question. 
Chapter 3 
Model and Frame work 
This section will focus on designing a model based on which we will test the relationship and then a 
frame work based on which we can provide an analysis on the relationship between population and 
economic growth 
Chapter 4 
Test and Analysis 
I will establish a hypothesis using specific data. I will test my hypothesis and also provide the relevant 
analytical, econometrics analysis and assessments of the available data. 
Chapter 5 
Conclusion and Recommendations 
This will be based on the findings in chapter 3. I will offer recommendations as to how economies can 
use their population as an instrument for long term growth. There will also be a further discussion on 
the merits as well as the shortcomings of this research. 
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Chapter 2 
Theoretical Perspective 
 
 
 
2.1            Introduction  
Thus section of the paper discusses some of the background theories that necessary for our discussions 
of the subject of population and economic growth. We will first discuss the composition of an economy, 
and then we will offer a debate on the subject of population growth end economic development. We 
will then provide and in-depth discussion of the subject from the perspective of Malthus, Solow and 
Kremer.  
2.2             The economy 
Macroeconomics helps us study the economy and some of the major reasons why we study 
macroeconomics are to ensure income growth, combat inflation, control unemployment and prevent 
recession in the economy. An economy can be defined as the combination of all economic entities and 
agencies such as manufacturing, production, trade, consumption, labor, capital, government institutions 
and service organizations of a particular country or geographical area. 
The key driving force of any economy is demand and supply of goods and services because it helps 
determine price levels. If we assume the economy produce one product or service; from the figure 
below we can see that demand curve is downward slopping and the supply curve is upward slopping. 
The price for the product or service will adjust until the quantity supplied equals to the quantity  
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demanded. Thus the point where the demand curve crosses the supply curve is termed market 
equilibrium. The market equilibrium adjusts itself automatically once demand or supply change. 
                 
                                                 
                                            
 
 
                                                  
 
 
 
Example from the figure below we can see that, rising prices (of input materials), decreases supply of the 
product, thus shifting the supply curve from S1 to S2.  This will shift equilibrium prices from P1 to P2, and 
the equilibrium quantity will fall from Q1 to Q2.                                                         
                                              
 
 
                                                        
                                            
 
 
                                                  
 
 
 
Figure 2.1                Price, P 
Demand, D 
Supply, S 
     Equilibrium   
      Price 
Equilibrium  
Quantity 
Quantity, Q 
 
Figure 2.2 Shifts in Supply 
             Price 
D 
S1 
                P2 
                         P1 
Q2            Q1 
 
Quantity, Q 
 
S2 
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Usually income levels in the economy determine demand, assuming that income increases, it will 
therefore increase demand shifting the demand curve from D1to D2. This will result in the establishing of 
new market equilibrium since, equilibrium quantity will shift from Q1 to Q2 and equilibrium prices will 
increase from P1 to P2.          
 
                                                        
                                            
 
 
                                                  
 
 
Another important aspect of an economy is the measure of incomes, expenditure price levels. Price 
levels are measured by the Consumer Price Index (CPI). The measure of total income and expenditure 
helps economist determine the national income or Gross Domestic Product (GDP); thus GDP measures 
the summation of all incomes expenditures of households and firms in an economy. Let assume that an 
economy produce two different product; product A and product B. Then the economy’s output level will 
be; 
GDP = (Price of A × Quantity of A) + (Price of B × Quantity of B) 
We can note that changes in prices or quantities can change the GDP.  There two types of GDP; Nominal 
and Real. Nominal GPD is the value of goods and services at current market prices; Real GDP is the value 
of goods and services at a constant set of prices. Real GDP enables economist to determine expenditure 
on outputs should quantities change and price remain constant. 
Nominal GDP can be calculated by multiplying the real GDP by the GDP Deflator; that is 
ܰ݋ݎ݈݉݅݊ܽ	ܩܦܲ = ܴ݈݁ܽ	ܩܦܲ	 × ܩܦܲ	ܦ݂݈݁ܽݐ݋ݎ 
Figure 2.3 Shifts in Demand 
             Price 
D1 
S 
   
                     P2 
                                 P1 
 
         Q1                 Q2 
 
Quantity, Q 
 
D2 
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Where Real GDP is the number of output produced in that year multiplied by the price in a determined 
base year. Thus assuming that total output is the economy in a particular year is Q and prices for the 
particular determined base year is Pbase, and then Real GDP can be written as: 
                                                       ܲBase × ܳ 
The GDP deflator is the price of output for that year in relations to price of output in the determined 
base year.  Thus; 
                                             ܩܦܲ	݂݈݀݁ܽݐ݋ݎ	 = 	ܲ/ܲbase 
The GDP deflator is a reflection of what is happening to overall price levels in the economy. 
In every economies national incomes account GDP is divided in four major components: 
• Consumption(C) 
• Investment (i) 
• Government purchases (G) 
• Net exports (NX) 
And if we represent GDP by Y, the national incomes account can be written as 
ܻ = ܥ + ܫ + ܩ + ܰܺ 
Consumption represent goods and services that are purchased by households and they include 
nondurable goods and services (which last for a short period) and durable goods and service (which last 
for a long time). Consumption depends on the disposable income which is income after taxes(Y-T). The 
higher the disposable income, the higher the consumption rate in an economy. The Marginal Propensity 
of Consumption (MPC) determines the amount by which consumption changes when disposable income 
changes by one unit. 
Investment represents goods that are purchased for future use, and they include business investments 
(example the purchase of new plant and equipment), residential investment (example the purchase of 
new housing) and inventory investment (example the purchase of inventory goods by firms). The 
demand for investment goods depends in interest rate, because interest rates measure the cost of 
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investments. For any investment project to be profitable it must exceed its cost. If interest rates increase 
demand for investment goods fall. There are two major types of interest rates; nominal interest rate 
and real interest rate.  Nominal interest rate refers to the amount paid on borrowed money and real 
interest rate is the nominal interest rate corrected for inflation.  
Whilst investments represent the demand for loanable goods, savings in the economy represents the 
supply of loanable goods. Thus as firms and investors demand loanable goods by borrowing from banks 
or floating shares, household supply loanable by saving part of their unconsumed income at the bank. 
From the figure below we can see that a reduction in the saving sate in an economy will shift the supply 
of savings from S1 to S2 and this will increase interest rate from r1 to r2 and this will make investment 
projects very expensive to pursue. 
 
                                                          Figure 2.4 
 
                                                        
                                            
 
 
                                                  
 
 
 
Government purchases represents goods and services purchased by the government and they include 
the governments military expenditure, spending’s roads, hospitals; schools as well as services provided 
the public sector. Because disposable income(Y-T) and consumption(C), is fixed an increase in 
government expenditure will decrease investments, thus government expenditure crowds out 
investments. This is because an increase in government spending increases interests rates and thereby 
reducing investments. 
Real interest rate, r     
I 
        S2 
          r1 
                                    Investment, savings 
 
   S1 
          r1 
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Net exports represent trade with other countries, thus total exports minus total imports. 
 
Other important measure in the economy is the labor force. The labor force represents the number of 
people in the economy available for work. Thus it sums up both the employed and unemployed. It can 
be written as: 
ܮܾܽ݋ݑݎ	ܨ݋ݎܿ݁ = ܰݑܾ݉݁ݎ	݋݂	݁݉݌݈݋ݕ݁݀ × ܰݑܾ݉݁ݎ	݋݂	ݑ݊݁݉݌݈݋ݕ݁݀ 
And  
ܷ݊݁݉݌݈݋ݕ݉݁݊ݐ	ݎܽݐ݁	 = ܰݑܾ݉݁ݎ	݋݂	݁݉݌݈݋ݕ݁݀	ܮܾܽ݋ݎ	݂݋ݎܿ݁ 	× 100 
 
Okun’s law states that there is a negative relationship between unemployment and GDP, this is because 
if employed workers contribute to good and services, an increase in unemployment means that Real 
GDP will decrease. 
Factors of production in the economy 
One important factor that affects the output level or GDP of an economy is the input factors of 
productions. The two main input factors of production are capital (K) and labor (L). Capital represents 
the tools equipment that workers and labor represents the amount of time people spend at work. 
 The production function can be written as: 
ܻ	 = 	ܨ(ܭ, ܮ) 
 Where Y represents output or GDP. Thus the above equation represents how labor and capital turns 
into output. It is worth noting that the price of factor of production depends on the supply and demand 
for the factors services. 
Economist are also of the view that, the more labor a firm employs the higher the firms output and this 
is called the marginal productivity of labor (MPL). The marginal productivity of labor measures the 
additional output a firm produces from the addition of one extra unit of labor. The MPL can be written 
as: 
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ܯܲܮ	 = 	ܨ(ܭ, ܮ	 + 1)	– 	ܨ(ܭ, ܮ)	                                          
 
 
                                                        
  
                                            
  
 
 
From the figure above we can see that the marginal productivity of labor production function curve 
slopes outwards, this is because it exhibits a diminishing marginal product. This means that because 
holding capital constant, the marginal product of labor will decrease as the amount of labor increase. 
And we can also note from the figure that as one addition unit of labor is added, output increases. 
The next factor that affects output is and the demand for capital the Marginal Product of Capital (MPK).  
Holding labor constant, the MPK determines the amount of extra output a firm will gain by adding an 
additional unit of capital. And it can be written as: 
ܯܲܭ = ܨ(ܭ + 1, ܮ) − ܨ(ܭ, ܮ) 
Thus the MPK expresses the difference between output produced with an additional capital of K+1 and 
output produced with just K. 
 
2.2                 Debating the relationship between population and economic development 
This is probably one of the most controversial subjects in macroeconomics. It is an unending debate and 
some other leading vocalists on this subject include Robert Solow, Robert Malthus, Ester Boserup, 
Michael Kremer and Simon Kuznets. This subject has also been debated on several times by world 
bodies including the United Nations (UN), World Bank and the IMF. We will offer the argument from two 
main perspectives.  First from the perspective of the pessimists who are of the view that population 
         Output, F (K, L)     Figure 2.5 
																										Labour, L 
Output,Y 
 
 
    
1       
   1    
    1           
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growth has a negative impact on economic growth and secondly from the perspective of the optimist 
who is of the view that rapid population growth can lead to economic growth 
2.3              Pessimistic perspective 
When it comes to establishing the relationship between population growth and economic development, 
one of the most talked pessimists is Thomas Robert Malthus. Malthus was a British political economist. 
He was mostly noted for his controversial work titled; essay on the principle of population, which was 
first published in 1798.  It was believed that the ideas he shared in his essay was as a result of inspiration 
of the upheavals caused by the French revolution. 
They key argument Malthus made was that; rapid population growth over time will limit in food supply, 
creating hunger, disease and struggle for survival. Technically this make sense, especially if we consider 
the current occurrence in the horn of Africa, where rapid population growth has led to limits in food 
supply and eventually resulting g in hunger and war as individual struggle over scarce resources. 
Malthus (1798) stated that, when population is unchecked, increased in geometric ratio and subsistence 
for man in an arithmetic ratio.  What Malthus meant by population increasing in a geometric rate is that, 
he believes population doubles itself every 25 years, therefore if there are 100 people in a particular 
town, the next 25 years the town’s population will be 200 and in the next  50 years 400 and the next 75 
years 600.  Therefore geometric population growth is at a rate of 2, 4, 8, 16.....¥. What Malthus meant 
by 'subsistence for man grows at an arithmetic rate' is that, the food supply to support the growing 
population will be at a rate of 2, 4, 6, 8…..¥. 
This means that, today there is one person for one unit of food, but in the next 75 years there will be 4 
persons for 3 units of food.  Thus  if the population is unchecked and allowed to grow beyond its normal 
limits, demand  for food will surpass the ability to produce it , therefore having serious social and 
economic consequence. 
Malthus concern was that as the population grows and man is unable to produce enough to sustain the 
population, it could lead to social or societal break down and an example he gave was the French 
revolution. He believes that if unchecked population growth will negatively check itself through high 
mortality rate and migration; this is  because as man is not able to produce enough to sustain himself , 
he will be prone to hunger, diseases and as more people struggle over limited resources, they will fight 
and eventually people will be force to relocate to other areas.   
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Szirmai(2005) in his book; The Dynamics of Socio-Economic Development(An Introduction) stated that; 
‘Malthusian pessimist believe that population growth threatens human welfare and that there are 
physical limits to the increase of production, such us the availability of land , scarcity in energy and raw 
material and the carrying capacity of the global environment’(p.151).   
Economist like Stephen Enke (1971) believes that if population growth is faster than technological 
growth, it will result in the reduction in GDP. He stated that: 
‘The economic danger of rapid population growth lies in the consequent inability of a country to increase 
its stock of capital and to improve its state of art rapidly enough for its per capita income not to be less 
than it otherwise would be. If the rate of technological innovations cannot be forced, and is not 
advanced by faster population growth, a rapid proportionate growth in population can cause an actual 
reduction in income per capita.  Rapid population growth inhibits an increase in capital per worker 
especially if associated with high crude birth rates for a younger age distribution.’(Quoting from: 
Thirlwall, 1995; The Economics of Growth and Development, p. 176) 
The general idea is that, population growth will result in the growth of the labor force; but pessimists 
are concerned about the age distribution; and thus argue that, if the current age distribution shows a 
greater number of young people below the employable age, it will then be a disadvantage to economic 
growth. 
One of the most interesting arguments that Malthus made was that, population growth will result in 
lower wage rate, because there will be an excess supply of labor as opposed the amount of available 
work in the market. This means that families will not earn enough to sustain themselves and this can 
actually lead to societal chaos. 
Finally pessimists are of the view that; population growth can actually result in the reduction of capital 
generation in the economy to support future growth. This is because, population growth will result in 
the increase of government expenditure and this can crowd out investments since and increase in 
government expenditure will result in increased interest rates, and thus investors will not be able to 
borrow to support growth in technology and innovations. Thirlwall (1995) stated that:' rapid population 
growth, by raising the capital dependency ratio and reducing the level of per capita income, impairs the 
ability of counties to save and invest, on which growth invest (p.175). 
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Pessimists are also concerned about the environmental consequences of population growth. This is 
because, as the population increase more land will be needed to build houses, office complexes and 
industries. Also more vehicles, airplanes and other means of transportation will be developed to 
accommodate the growing population and this will; and this will result in very serious environmental 
problems, such as waste disposal and the emission of Green-House gasses. 
In conclusion I will say that pessimist are generally believe that there is a negative consequence of 
economic growth because they believe that, the economy may not be able to generate the necessary 
capital to invest in technology, labor and other factors of production and thus will result in the 
economy's in ability to produce enough to sustain itself, and eventually resulting in falling capital per 
head, falling living standards and welfare. 
2.4             Optimistic view of Population Growth 
The optimist on the other hand rejected Malthusian and other pessimist claim that a growing population 
can result in the inability to produce enough to sustain the population. The optimist are of the view that 
a growing population is an ''asset'' because a as the population grows it creates ''scarcity'' and as man 
uses innovations and technology to produce these scarce resources, the economy grows. Thus this will 
result in more profitability for the industries that adopt the right technology to increase production and 
in general senses the economy as a whole will grow as output grow. Bloom and Williamson (1998) 
stated that: ‘population growth creates pressure on resources; people are resourceful and are stimulated 
to innovate, especially in adversity’. 
Easterlin (1967) and Boserup(1965,1981) also shared the same opinion that population growth results in 
innovations to satisfy scarce resources,  Easterlin(1967) stated that: population pressure arising from 
morality reduction may provide the spur to work harder, search information, increase capital formation 
an try new methods(p.104) . Easterlin (1967) thus supported the optimist claim that population growth 
will lead to a rise in innovations and will eventually lead to the satisfaction of scarce resources. Boserup 
(1967, 1981) is also of the view that population growth will strain resources, pushing man to innovate to 
limit this stain on resources. 
In our world today, we are  a witness to a fast growing innovative society; possibly the reason for this 
fast paced innovations could be the fact that rapid population growth has led to the creation of many 
different markets places and thus firms and organizations will have to compete through innovations to 
maintain a share in the market place. Michael Kremer, a lecturer at Harvard University is one of the 
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modern optimists who have done an extensive research on the subject of population growth and 
economic development to establish a long term relation between them. Kremer (1993) argued that the 
history of the world is consistent with the fact that population growth spur technological change and he 
came to this conclusion by using time series data of the world to test his assertions.  
Optimist also provide also believe that a growing population allow resources (especially labor) to be 
moved from low productive areas to high productive areas.  Easterlin(1967)  stated that:' a young age 
structure of a country  makes it more amenable to change , more receptive to new ideas, more willing to 
shift resources from low- productivity to high-productivity sectors  so on- all of which may raise income 
per head.' 
Optimists are also of the view that, even though population growth may have negative effects in an n 
economy in the short term, in the long term population growth can be a valuable asset in the long term, 
especially if there is a resourceful investment in the population. 
Optimist argue against the pessimist view that rapid population growth will result in environmental 
problems, they believe that advances in the Green Revolution has resulted in the quadrupling of food 
production since 1950  without any adverse effects to the environment. 
Optimists also reject the idea that growth in technology is independent of growth in labor supply (as a 
result of population growth). The idea here is that, as new technology is adopted, it will create new 
opportunities and thus result in the growth in the labor force. An example could be the South - East 
Asian sub region which has contributed to over 50% growth in the world population in the last decade, 
this region is home to countries like China, Indonesia, Thailand, Malaysia and Singapore and according to 
IMF reports despite the high rates of population growth in these countries, they are home to the fastest 
technological growth and as a result these countries have the highest growing labor force compared to 
other countries. 
In conclusion optimist believe that population growth may create shortages and adversities in the short 
term, because these shortages in resources will push man to innovate to produce enough and eventually 
as production increases, the economy also grows. They also believe that with advances Green and 
environmentally friendly strategies, man will be able to increase production without adversely affecting 
the environment. 
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The next section is to offer a further discussion of the perspectives of populations and economic growth 
as share by Robert Malthus, Robert Solow and Michael Kremer. 
2.5     The Malthusian perspective 
Robert Thomas Malthus (1766-1834) is known for his controversial book ‘essay on the Principle of 
Population’. This books was built on the premises that ‘food is a necessity for human existence ’; and ‘the 
passion between the sexes is necessary and will remain nearly in its present state’.  Malthus then 
concluded that: the power of population is infinitely greater than the power in the earth to produce 
subsistence for man’.  Malthus was thus of the view that population if unchecked increases in a 
geometric ratio and subsistence increase in an arithmetic ratio. This means that if population is 
unchecked it will outstrip sustenance, causing hunger, poverty disease and war. In Malthus view the 
negative effects of unchecked population like war, disease and hunger will eventually serve as a natural 
check for population growth. Malthus advocated preventive checks to population growth such as 
contraceptives, celibacy and strict marriage laws.  
Malthus was of the view that, there is some sort of relationship between population growth and food 
supply; thus he was of the view that as food supply increases, food prices fall and this will lead to high 
population growth. This increase in population growth will eventually lead to high food prices resulting 
in high investments in land and fertilizer. Population growth will then decline and the cycle begins again, 
thus in Malthus view there is a long term relationship between population growth and food production. 
 
2.6         The Malthusian growth model 
In the Malthusian model, there are two major factors of production are land (L) and labor (N). The 
Malthusian production function can be written as: 
                                                                ܻ = ݖܨ(ܮ, ܰ) 
The Malthusian production function is built on the following assumption: 
• The are no government intervention 
• There are no investments in the economy 
• Land is fixed  
28 
 
• Food is not stored 
•  Population growth depends on consumption per worker; and can be expressed as: 
                                                                          
∆ே
ே = ݃(
஼
ே) ;                                                                      (1) 
Where	݃ represent an increasing or growth function 
The model also assumes that technological growth will lead to population growth without a long run 
change in the standard of living.  And this can be expressed by: 
                                                                
∆ே
ே = ݃(	
஺
஺ )                                                                   ( 2) 
 Where A, is Technology. 
In the Malthusian growth model output must always meet subsistence, which means that food 
production must always be equal to the consumption power of the economy in order for the economy 
to be in equilibrium. Therefore the equilibrium function can be written as: 
                                                    ܥ = ݖܨ(ܮ, ܰ)                                                                  ( 3) 
Therefore in the future output must grow at the same rate as population in order to maintain 
equilibrium; which means that: 
                                                                 
୼ே
ே = ݃(
௭ி(௅,ே)
ே )                                                            (4)              
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Figure 2.6: Malthusian MPK 
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The above figure shows the Malthusian marginal propensity of consumption (MPK) as one person is 
added to the economy, consumption per worker also change by a similar margin in order to maintain 
equilibrium. This means that if output does not increase as the population increases, consumptions will 
fall and in the real world it can create, hunger disease, poverty, war and total chaos in the society. 
2.6        The Malthusian steady state  
In the Malthusian model the only reason capital stock per worker shrink is population growth. This 
means that for the Malthusian model to be in a steady state output must always offset the effects of 
population growth. In the Malthusian model output per worker can be written as: 
                                                          ݕ = ௒ே                                                       (5) 
And land per worker can be written as: 
                                                                        ݈ = ௅ே                                                    (6) 
Consumption per worker can also be written as: 
                                                                                          ݃(ܿ) = ஼ே 
Therefore per capita output can be written as:  
                                                                                      ݕ = ݖ݂(݂݈)                                                                (7) 
And since output is equal to consumption at the equilibrium level, we can therefore say that: 
                                                                                ݃(ܿ) = ݖ݂(݈)                                                                 (8) 
Therefore the Malthusian steady state can be written as 
                                                                               ݃(ܿ ∗) = ݖ݂(݈ ∗)                                                             (9) 
It means that output must always be equal to consumption per worker, in order for the economy to be 
in equilibrium. In the Malthusian model, the basic ideology is that as output increase, as a result of 
investment in land and labor; consumption per capita will increase and as consumptions increase 
population growth also increase. The population growth will eventually cause a fall in consumption per 
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capita. That is why Malthus advocate that population growth should be controlled all the time because 
eventually it can outstrip production at a sustenance level. 
 
                                                        
                                            
 
 
                                              
 
 
                                                        
                                            
 
 
                                                  
 
 
 
 
Figure (2.7) represents the steady Average Factors of production ݖ݂(݈ ∗), which equals to the 
consumption per worker(ܿ ∗), thus the steady state of figure (2.7) is:݃(ܿ ∗) = ݖ݂(݈ ∗). Figure (2.8) 
represents the steady state consumption ݃(ܿ ∗) which equals population growth ∆ேே   thus the steady 
state of figure (b) is: ∆ேே = ݃(ܿ ∗) 
What happens when the capital stock (z) is increased? As illustrated in the figure 2.9 below and 
increases in the capital stock, will shift the per worker production function upwards but since the 
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Figure 2.8: population growth 
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  Figure 2.7: Consumption per worker 
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Malthusian model assumes that increased output will automatically lead to population growth, it means 
that consumption per worker will also increase to accommodate population growth. Therefore in the 
Malthusian model, even though population growth will lead to the growth in output, in the long run 
living standards will not change in the steady state. And if the economy operates below the steady state 
living standard will fall because of population growth.  
 
                                                        
                                            
 
 
                                                  
 
 
 
Malthus model was useful in the sense that it provided and explanation of how population growth can 
affect consumption per capita. Thus Malthus advocated that if economies want to produce enough to 
maintain subsistence, it was therefore important that these economies control their population growth. 
The Malthusian model is also important in the sense that it helps us to understand the various factors 
affecting economic growth before the 1800’s. 
However the Malthusian model is criticized because it failed to factor in technological growth; modern 
economic theories predict that an economy can multiply its output if it invests in technology. This has 
been proven in modern history dating back form the industrial revolution of the early 1800’s to modern 
times, where there has been so much advancement in technology.  
Malthus was also criticized for the fact that he did not consider how capital accumulation can contribute 
to output. In the Malthusian model the assumption that output was consumed in a particular fiscal year 
and nothing is carried forward to the next fiscal year, meaning that there was no capital accumulation; 
on the other hand modern theories factor in capital accumulation.  
      z1f(l) 
  ݈1*       ݈2*            ܮܽ݊݀	݌݁ݎ	ݓ݋ݎ݇݁ݎ, ݈ 
Consumption  
Per worker, C 
                    
• • 
      z2f(l) 
   Figure 2.9: Increase in capital stock 
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2.8                   Solow’s exogenous model 
The Solow mode is built on the following assumptions: 
• Output is a single homogenous good and thus there is no international trade in the economy. 
Production Y (t) is affected by capital (K) and labor (L) thus the production function is: 
ܻ	(ݐ) 	= 	ܨ	[ܭ(ݐ), ܮ(ݐ)]	
• Individuals will save a constant fraction of their income. This will accumulate and contribute to 
an increase in the capital stock (K). Which means that:   K= sY (t), where s = savings. 
• Output will exhibit a constant return to scale, which means that increase in input factors (K, L) 
will result in increase in output by the same factor. Output is also affected by the law of marginal 
substitutability which states that a unit increase in one factor, while keeping  the other factor 
constant, will produce a slightly lower output that the previous. And this can be expressed with 
the cobb/Douglass function  as  Y= KߙLߙ-1 
• Labor force increase with population growth; and population growth grows at a constant rate of 
(n). Therefore we can express growth in labor as; L (t) = Loent. 
• All factors of production are fully employed. The supply of labor is inelastic and it assumes a 
vertical curve and shift to the right based on the growth in labor force. For full employment to 
occur real wage rates must be flexible. Therefore  full employment can be expressed as ; K = 
F[K(t), Loent] 
 
2.9          Defining the Solow model  
Growth in real GDP(߂Y/Y)	is the weighted average of growth of capital (߂K/K)	and labor(߂L/L). 
Therefore output or GDP per worker can be expressed as; 
                                           					y = 	Y/L																																																																																																											(1.1) 
We can note that if Y is fixed and L increases over time GDP per worker, y will decline. 
																																																߂y/y	 = 	߂Y/Y	 − 	߂L/L																																																																																(1.2) 
The above suggest that growth in GDP per worker is a function of growth rate in real GDP less growth 
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rate in labor. 
Also growth in capital per worker (߂k/k), is a function of growth rate in capital (߂K/K) less growth in 
labor (߂L/L); thus 
																																															߂݇/݇	 = 	߂ܭ/ܭ	 − 	߂ܮ/ܮ                                                                      (1.3) 
 
As noted before if growth in labor is higher than a given capital stock, the implication is that each worker 
will have less capital to work with, that is 
																																																		߂ܻ/ܻ	 = ߙ. (߂ܭ/ܭ)	− 	ߙ.		(߂ܮ/ܮ) 	+ 	߂ܮ/ܮ; 
 This means that; 
. 
߂ܻ/ܻ	 − 	߂ܮ/ܮ	 = 	ߙ. (߂ܭ/ܭ	 − 	߂ܮ/ܮ); And by substituting equation (1.2) and (1.3) into the equation 
we get; 
                                       				߂ݕ/ݕ	 = ߙ. (߂݇/݇)																																																																																																				(1.4)     
 
In the Solow model ,to determine the  growth capital stock we have to first assume that  changes in  
capital stock depends on the amount of savings(S)  in the economy. The idea here is that savings depend 
on household income. Solow model is of the assumption that capital depreciates (ߜܭ) over time 
because: buildings need repairs and machines deteriorates and vehicles need new part (Robert Barro; 
1macroeconomics: modern approach p.54, 2008). Because household save a fraction of their income, we 
can express that; 
                                                                        Real savings (RS) = 	ݏ	. (ܻ	 − 	ߜܭ);  
Where; s = savings rate and Y - ࢾK = real income, which is a portion of consumption (C), therefore we  
Can say that; 
	
																																																							ܻ	 − 	ߜܭ	 = 	ܥ	 + 	ݏ	.				(ܻ	 − 	ߜܭ)																																																												(1.5) 
                                                          
1 Robert Barro(2008), macroeconomics: modern approach 
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 In any economy output or real GDP(Y) is consumed (C) and the part of output not consumed is invested. 
Thus Y = C + I and with the assumption that capital depreciates, we can say that: 
                                                       ܻ	 − 	ߜܭ = 	ܥ	 +	(ܫ	 − 	ߜܭ)						                                                            (1.6) 
 We must bear in mind that, investment capital also represent real savings, s. (Y - ߜK), we can therefore 
say that: 
 ܥ	 + 	ݏ	. (ܻ − 	ߜܭ) 			= 	ܥ	 +	(ܫ	 − 	ߜܭ) ;   And by cancelling C from either side of the equation we get; 
																																														ݏ	. (ܻ	 − 	ߜܭ) 	= 	ܫ	 − 	ߜܭ																																																																																		(1.7) 
A change in capital stock (߂K) can be expressed as gross capital investments (I) less depreciation of 
current or existing capital (ߜK): 
߂K = I - ߜK and as gross capital investment is the same as real saving we can rewrite the equation as 
߂K = s. (Y- ߜK) divinding both sides by K, to determine the growth rate in capital 
                                                   ߂ܭ/ܭ	 = 	ݏ	. ܻ/ܭ	 − 	ߜݏ		                                                                               (1.8) 
To determine the growth rate in capital per worker߂݇/݇	 = 	߂ܭ/ܭ	 − 	߂ܮ/ܮ,   and since we already 
know growth rate of capital, we need to determine the growth rate of labor. 
 
As noted in the earlier assumptions, Labor growth rate is dependent on the growth rate of the 
population and population grow at a constant rate of n (n>0).  If ߂L/L = n, then, capital growth per 
worker can be expressed as 
 
																											߂݇/݇	 = 	ݏ	. (ܻ/ܭ) 	− 	ߜݏ		 − 	݊																																																																																																(1.9) 
 
2.10           Capital accumulation in the Solow model 
 The stock of capital that accumulates in an economy (capital stock) influences growth in an economy. 
The two main factors that affect the capital stock are investments and depreciation. Whilst investment in 
new plant and technology will cause the capital stock to rise, depreciation (which is the wearing out of 
old capital) will cause the capital stock to fall. 
We can sum up capital accumulation as, changes in the capital stock over time, being equal to new 
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capital less depreciation of capital. This can be expressed as 
                                  ߂ܭ	 = 	ݏܻ	 − 	ߜܭ																																																																																																																	(1.10) 
 
Example we can assume that economy XYZ, is a new country, with and output level of $400 (million) and 
a capital base of $1000(million). XYZ has a gross savings rate of 40 percent and capital depreciates at a 
rate of 7%. 
Therefore capital accumulation is: 
߂	ܭ = 	0.4(400)	– 	0.07(1000) 	= 	160	 − 	70	 = 	90(݈݈݉݅݅݋݊)	
 
From equation (1.10) we can determine the capital accumulation per worker with algebra. 
 
We must also remember that;   ߂݇/݇	 = 	߂ܭ/ܭ	 − 	߂ܮ/ܮ	 = 	߂ܭ/ܭ	 − 	݊ 
 
Therefore;߂ܭ/ܭ	 = 	߂݇/݇	 + ݊; capital accumulation per worker can be written with algebra as: 
 
																																																						߂݇/݇		 = 	ݏݕ	 −	(ߜ + 	݊)݇                                                                         (1.11)	
  
2.11          Solow’s steady state (without population growth) 
Solow model assumes that the per capital growth per worker (߂k/k) depends on savings rate (s), 
depreciation (ߜ) and the average product of capital y/k. Holding s and δ constant  the only reason ߂k/k 
change over time is the fact that average product of capital (y/k)	change. Assuming that the average 
product of capital(y/k)	 depends on the capital per worker(k)	then it means that a change in k will 
result in a change in y/k. 
At the steady state we assume that capital accumulation will not change over time. The steady state 
represents the long-run equilibrium of an economy (Mankiw, 2009).’ At steady state investment and 
depreciation offset each other and therefore߂݇ = 0. Thus any economy that experiences zero growth in 
capital stock because investments and depreciation balance each other is said to be in a steady state. ‘ 
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As noted before a change in capital stock will depend on investment and depreciation and therefore ca 
be expressed as: 
                                                 ∆݇ = ݅ − 	ߜ݇  . 
and  because investments is expressed as ݏ݂(݇), the above eqution can be rewrittens as: 
                                                 ∆݇ = ݏ݂(݇) − 	ߜ݇  . 
At the steady state(݇ ∗) the amout of investments is equal to the amout of deptreciation, therefore they 
offsete each other and the change in capital is zero.   That is : 
                                               ݏ݂(݇) = 	ߜ݇   which means that: 
                                               		∆݇ = 0     
Therefore  the steady state per worker (݇ ∗) will always be equal to the intitial capital per worker(݇). 
 
 
                                                        
                                            
 
 
                                                  
	
                           
                                   
From the figure 2.10 above, we can see that at ݇(1) capital stock per worker increases because 
investment is above depreciation and at ݇(2)  capital stock per worker depreciate because investment is 
below. And because investment and depreciation offset each other, it brings capital stock per worker to 
k∗ , which is the steady state. Thus the steady state represents the long-run equilibrium of the economy.                  
 
  2.12            The golden rule level of capital 
ࢾ࢑ 
						ߜ݇	(2) 
							ߜ݇(1) 
        	݅(2) 
   ݅ ∗=dk   
  								݅(1) 
࢙ࢌ(࢑) 
    k(1)         k*        k(2) 
Figure 2.10: steady state per worker 
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The golden determines the steady state with the highest level of consumption. It discusses how the 
government cans alter the steady state by changing the savings rate. Mankiw (2009) stated that: by 
setting the savings rate policy makers determine the economy’s steady state. Policy makers will however 
choose the steady state that will maximize consumption in the economy. The steady state value of k that 
maximizes consumption is called the Golden Rule level of capital and is denoted k*gold (Mankiw 2009). 
Mankiw also stated that an economy golden rule level can be determined by the steady state 
consumption per worker. To find the consumption per worker, we must first determine the economy’s 
national income: 
                                                                                        y = c + i 
  This can also be written as  
                                                                                       c = y - i 
To find the steady state consumption, we must substitute the value of output per work ݂(k ∗)	 and 
investments. It is worth noting that k* represents the steady and at the Steady State investments equals 
deprecation (δk), so therefore the equation can be rewritten as: 
                                                                                       c = f (k*) – δk*.  
 
 
 
                                                        
                                            
 
 
                                                  
	
                         
The figure shows the level of capital at which consumption can be maximized – which is k*gold and that is 
the golden rule level.  If capital stock is below the Golden Rule level, should there be an increase in the 
capital stock, output will then rise above depreciation and if that happen consumption will also increase. 
ࢾ࢑ 
ࢌ(࢑) 
   c*gold 
Figure 2.11: golden rule 
steady	state	capital	per	worker 
Steady-State    
output and   
depreciation 
 
      k*gold 
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And if we look at the figure, if f(k*) is much steeper than it is now, the gap between f(k*) and δk , which 
represents consumption (c*) will be wider. On the other hand if capital stock is above the golden rule, an 
increase in the capital stock will result in the reduction of consumption. From the figure above if we 
should flatten f(k*), the gap between f(k*)  and δk, which represents consumption(c*) will be smaller, 
thus indicating a reduction in consumption. Mankiw (2009) stated that: at the Golden rule, the 
production function is and the δk* lines have the same slope and consumption is at its greatest level. 
Because the production function is the marginal product of capital and because the two slopes are equal 
at k*, the Golden rule equation can be written as: 
                                                                              MPK = δ 
The equation of the effect of excess unit of capital on consumption can be written as: 
                                                                               MPK – δ 
If the MPK-δ >0,   then increases in capital increases consumption, so k* must be below the Golden Rule 
level. If MPK-δ<o, then increase in capital decrease consumption, so k* must be above the Golden Rule 
level (Mankiw, 2009).   Ideally the Golden Rule capital level is zero since: 
                                                                                MPK – δ = 0 
The Golden Rule level of capital enables governments and policy makers to determine the Golden Rule 
capital stock in the economy. Thus it enables policy makers to control outputs, consumptions and 
investments in order to maximize consumption and maintain equilibrium in the economy.  In Mankiw 
(2009) an economy does not automatically reach a Golden Rule steady state and therefore policy makers 
must influence a particular savings rate in order to reach the desired Golden Rule steady state.  Mankiw 
(2009) also stated that; if an economy has too much capital that it would have in the Golden Rule steady 
state, then it would be important that policy makers adopt policies that would reduce the savings rate in 
order to reduce the economies capital stock. Thus by reducing the saving rate, consumption increase and 
investments fall. At that point investment will be less that depreciation, since the initial steady rate 
investments was equal to depreciation. As capital stock gradually falls, output consumption and 
investments will also gradually fall until the desired level of Golden Rule steady state that maximizes 
consumption is reached. 
On the other hand when an economy has very little capital, policy makers must increase saving in order 
for consumption to reduce so that investments can increase. And as investments increase over time the 
capital stock will also increase. Thus as investments, and output increase overtime, the capital stock 
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accumulate leading to the reaching of new Golden Rule steady state. 
2.13           The effect of population growth on Solow’s the steady state. 
We will assume that population growth and labor force grow that a constant rate of n.  Most important 
question is whether population growth affects the steady state. Mankiw (2009) discussed the effects of 
population growth on the steady state by bringing investments, depreciation, and the effects of capital 
accumulation per worker into the picture. As noted before investments will result in the increase in the 
capital stock and depreciation will cause a fall in the capital stock; however population growth also 
affects the capital stock since an increase in in the number of work force as a result of population growth 
will reduce the capital stock per worker. Remembering that the change in capital stock per worker is 
given as: 
                                                                       ∆k = i – (δ +n) k.  
Mankiw (2009) state that: the term (δ +n) k defines the break-even investments – the amount of 
investment to keep capital stock constant. He was also of the view that depreciation of existing capital 
(δk) as well as the amount of necessary investments to provide new workers with capital (nk) is also part 
of the break-even investments. In Mankiws’ view  population growth reduces the capital stock the same 
way depreciation does; Thus depreciation wear out existing capital and population growth spreads 
capital stock thinly among the larger population thereby reducing  k.  Acknowledging the fact that 
investment (i) is a function of the savings rate sf(k), we can the substitute sf(k) into the equation. 
                                                                      ∆k = sf (k) – (δ +n) k 
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For an economy to remain in the steady state, the capital stock per worker must remain the same all the 
time. Mankiw(2009) stated that: if k(capital per worker) is less than k*(steady state), investment will be 
less than the break-even point and this will eventually cause k to increase and on the other hand if k is 
greater than k*, then investments  will be less than the break-even point and this will eventually cause k 
to fall. The importance of the steady state is that, it enables it provides new workers with capital in 
order to ensure growth in the economy. 
Now that we know how population growth affects the steady-state, it is important to determine the 
effects of population growth on economic growth in the economy. In Mankiw’s (2009) view, to 
determine how population growth affects growth in an economy, we must first determine how it 
changes the Solow’s model. In his view population growth will change the Solow’s model in three basic 
ways.  
First he was of the view that population growth will aid in the explanation of sustained economic 
growth. This is because in the steady state population growth and capital per worker does not change 
and thus are constant. Considering our assumption that the labor force grow at a rate of n, then output 
as well as capital must also grow at the rate of n. Mankiw (2009) concluded that: although population 
growth cannot explain sustained growth in the standard of living (because output per worker is constant 
in the steady state), it can help explain sustained growth in total output. 
Secondly Mankiw was of the view that population growth can help explain why some countries are rich 
and others are poor. 
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From the figure above , we can note that an increase in the population rate from n1 to n2 mean that 
Steady –State capital per worker will also reduce from k*1 to k*2; which also mean that output per 
worker will also be reduced . Thus in the Solow model countries with high population growth will have 
low capital per worker, low GDP as well as low income per person. 
Finally population growth affects the determination of the Golden Rule level of capital. Because if 
consumption per worker is written as: 
                                                                   c = y – i 
Since the steady-state output is f (k*) and the investment steady-state is (δ + n) k, the consumption 
steady state equation can be written as: 
                                                                  C*= f (k*) – (δ+n) k 
This means that at the steady rate consumption; 
                                                              MPK = δ +n     or; 
                                                            MPK-δ = n 
This means that the marginal product of capital less depreciation will be equal to population growth. 
 
2.14 Kremer’s view of population growth on economic growth (The Kremer Model)  
Michael Kremer is an economics professor at Harvard University, he is well known for the development 
of the O-Ring theory of economic development, which proposes that in order for production to be of 
high value, the various tasks in production must be done proficiently. He is credited for his extensive 
researches and articles that support the development of vaccines. He has also done a lot of research on 
the implications of demographic transitions on economic growth or vice versa and his famous work 
include population growth and technological change: One Million BC to 1990(published in 1993 in the 
Quarterly Journal of economics, p. 681-716) and in this paper he attempted to prove that population 
growth induces technological advancement, using historical evidence. 
This section of the paper will discuss some of the ideas share by Kremer in his paper. Kremer (1993) 
argued that: the long rung history of population growth and technological change is consistent with the 
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population implication of endogenous change. What he meant was that if we look at the history of the 
world, we will note that population change and technological change goes hand in hand. In support of 
Kremers’ argument are Roomer(1990) and Arrow(1962) , who are also of the view that  the 
development of new technology will be dependent on the number of people who are going to use  the 
technology. 
2.15     The Kremer model 
The Kremerian model was based on an imperial test Kremer conducted using that from one million years 
to 1990 and the main purpose was to establish a relationship with the rate of change of population 
growth and technological change, using time series. The main ideology behind this was to challenge the 
Malthusian ideology that population growth will limit economic growth. From Kremers (1993) findings 
he concluded that: persons each chance of inventing something is dependent on the population, so that 
research output increase in proportion to the population. Per capita income gradually increases with the 
rate of technology and eventually causes population to slow. Kremer’s arguments were supported by 
historical evidence, in his research he noted that that regions with high population densities but with no 
evidence of opportunities of technological contact from other regions achieved high levels of 
technological growth. But Kremer (1993) cautioners that: the model should not be taken as a call to 
population growth. It does suggest, however that, economists should conduct further research to 
measure the growth and welfare effects of population growth under non-rival technology, rather than 
simply following conventional wisdom and concentrating on the negative effects of population growth. 
Kremers endogenous technology model was based on the simple premise that all things being equal 
population growth will result in technological change. 
Kremers total output is given by: 
                                                       Y= ApαT 1-α                                                                                                    
 
Where 
A = level of technology 
T= land 
43 
 
p = is population growth 
APα-1 =Capital (K) 
Kremer (1993) assumed that, above a particular steady state equilibrium of per capita income y*; 
population will increase and below that population will decrease. We must note that with the Kremerian 
model the steady state income per capita (y*) is always at subsistence level. 
In this model labor has a diminishing return output(y), this means that a unique level of  population 
change will be needed to generate  a steady state income per capita y*.  This can be expresses as: 
                                                                              (y ̅/A)1/ (α-1)                                                                            
Based on the Malthusian assumption that population growth is determined by technological change and 
the assertions made by Simon (1977, 1981) that: population growth spurs technological change because 
it increases the number of potential inventors; Kremer assumed that then chances of an individual 
inventing will be determined by the population. Thus the larger the population, the more likely that 
people will invent or come up with new ideas. Therefore if productivity per person depends on the 
population and technology affects research output the same way it affects output.  There we can 
express change in technology as: 
∆ܣ
ܣ = ݌݃ 
Where ݃, represent the productivity per person.   Thus from the above equation we can say that change 
in technology will be the result of population growth and research per person. Kremer was of the view 
that change in technology alone will not ensure economic growth unless it is compliment with human 
capital and well as social institutions such as education and quality health care. 
As noted before the Kremerian model is of the view that population growth is constrained by technology 
thus population growth is proportional to technological growth; and this can be written as  
∆p
݌ = 	
1
1 − ߙ	
∆ܣ
ܣ ; 
And since	∆஺஺ = ݌݃ , the above equation can be rewritten as: 
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∆݌
݌ =
݃
1 − ߙ 	݌ 
 
                                        
 
                                                        
                                            
 
 
                                                  
	
 
From figure2.16) we can see that as output technology grows, output also increase, leading to a growth 
in population. Assuming that the points y1,y2  and  y* represents different output levels in the economy 
at different periods. We can see that at population p1 , the economy generated y1 amount of output 
using the level of technology A1.  As the population grew to p2 the economy would need technology to 
grow to A2 in order to generate enough output (y2) to support the economy. Similarly as population 
grow to p* it will require and output level of y* in order to support the growing population and in order 
to do that it will need technology to grow at A*. 
Thus Kremer believe that throughout human history, there has been an interactional relationship 
between, population growth, technology and output. From the early days of man, when there were very 
few inhabitants on earth, food was not scarce, the early man was a ‘hunter and a gatherer’, he need 
very basic tools to survive. But as the human population grew, food became scarce and Man had to 
device much more complex tools in in order generate a subsistence amount of food. Man’s inability to 
generate food at a subsistence level caused, hunger, disease and war. Over hundreds or probably 
thousands of years Man learnt a lot about his environment and thus was able to develop the necessary 
tools to produce enough food at subsistence level.   
  Output(y) 
																																Techno݈݋݃ݕ(ܣ)					 
Population (p) 
 
 
           Figure 2.16: Technology and population change 
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Kremer was of the view that throughout human history, it is this fine interaction of population, growth, 
and the need to develop technology to produce enough to maintain growth in the population that lead 
to dramatic changes in the world economy. Thus this fine interaction actually leads to the industrial 
revolution in the 1800’s and it is this same interaction that is driving forward the age of information 
technology in the 21st century. 
 
2.16 The effects of the Kremerian model on the steady state 
The question here is how does the Kremerian model affect the steady state?  
Because this model assume that population growth is proportional to technological growth, it will be fair 
to first discuss the effects of technology on the steady state (Solow’s perspective) to gain a general idea 
of how technological change can affect the endogenous model before getting into detail how the 
Kremerian model affect the steady state. 
In general terms technology improves the efficiency of labor. Mankiw (2009) stated that: as technology 
improves, the efficiency of labor rises and each hour of work contribute more to the production of goods 
and services. We can the add labor efficiency into our total production function; ܻ	 = 	ܨ	(ܭ, ܮ) and 
rewrite it as: 
                                                                 ܻ = 	ܨ(ܭ, ܮ	ݔ	ܧ)	
Where ܧ, is the labor efficiency; and ܮ	ݔ	ܧ measures the effective number of workers. Assuming that 
labor force grows at a rate of n and the efficiency (E) grows at the rate of g, then the effective number of 
worker which is; ܮ	ݔ	ܧ will grow at the rate of	݊	 + ݃. 
Mankiw (2009) was of the view that technological progress will not cause the actual number of workers 
to increase, but rather it will help each worker to be more productive, thus technological progress will 
cause the productive or effective number of workers to increase.  
In determining the steady state of technological growth, we need to determine capital per effective 
worker and output per effective worker. 
Capital per effective worker can be written as: 
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                                                                             ݇ = ௄௅	×	ா 
And output per effective worker can be written as  
                                                                              ݕ = ௒௅	×	ா 
We can therefore rewrite the efficient production function as: 
                                                                              ݕ = ݂(݇) 
In the previous chapters we stated a change in capital stock per worker (݇) will be the result of a change 
in investments(݅), the rate of depreciation (δ) and   change in population growth (݊). Therefore we 
wrote the change in capital stock equation as: 
                                                                               ∆݇ = ݏ݂(݇) − (ߜ + ݊)݇ 
Now we assume that technological progress affects the production function the same as population 
growth(݊), because since ݇ represent   the capital per effective worker, then an increase in the effective 
number of workers means that ݇ will decrease. And if the effective number of worker is written as 
(݊ + ݃) then, the change in effective capital per worker can be written as: 
                                                                                      ∆݇ = ݏ݂(݇) − (ߜ + ݊ + ݃)݇ 
The above equation means that, a change in capital stock per worker(∆݇) is; investmentsݏ݂(݇), less the 
break-even investments(ߜ + ݊ + ݃). 
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Figure 2.17: steady state 
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As noted earlier the economy is in a steady state when capital per worker is unchanging. Therefore, at 
the steady state of technological growth, investment [ݏ݂(݇)] offset the fall in capital per worker (݇) 
caused by depreciation(ߜ), population growth	(݊) and technological progress(݃). 
 Kremer concluded that technological growth does not affect the steady state substantially. He was of 
the view that the technological growth Steady- State represent a long run equilibrium of the economy, 
this is because there is one level of ݇(	݇ ∗)  and at this level  ,output  per effective worker  as well as 
capital per effective worker are constant. 
Now that we have analyzed the effects of technological growth on Solow’s endogenous model, we can 
now discuss how the Kremerian model affects the steady state.   
First we will make the following assumption: 
• The government controls investments; this is because the economy needs more capital to invest 
in technology.  And as already noted, in every economy capital is either consumed or invested, 
therefore, capital per worker will change depending on the consumption and investment 
patterns in the economy. 
• Output depends on population growth, thus the larger the population of an economy, the 
higher the economy’s output level. 
• Population also influence the level of investments in the economy, this is because if an economy 
has high population growth, then the government would have to adopt measures to increase 
the investments rate in order to generate enough money  for the additional work force created 
as a result of population growth. 
• Population growth will also lead to technological growth. 
• Capital depreciate at the rate of δ . 
The Kremarian output is given by: 
                                                       ܻ= ܣ݌αܶ 1-α        
Where  Apα is the total capital (K), therefore we can rewrite the above equation as: 
                                                       Y= KαT 1-α                                                                                                                   
K represents the capital investments needed to invest in technological advancement as a result of 
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population growth. Thus because population growth naturally leads to technological advancement, an 
economy needs a specific amount of capital to invest in that technology. 
We can also express output per capita(y) as: 
                                                            ௒௉=
୏஑୘	ଵି஑	
௉  
Then: 
                                                                  y= kαt 1-α      
Where k is income per capita and t is per capita technology 
Marginal product of capital (MPK) which is the extra output a worker produces given additional capital, 
can be written as 
                                                                   MPK = kα +1 -kα                                                                                                                      
 
 
                                                        
                                            
 
 
                                                  
	
 
 
From the figure above we can see that, output per worker is determined by capital per worker 
As noted in every economy capital is shared between consumption and investment, which means 
that:	ݕ = ܿ + ݅.   
         Output,kα                   
Figure 2.18 : MPK 
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 In the Kremerian model, capital accumulation per worker is affected by population growth, 
technological growth, and depreciation of old capital and the level of investments in the economy.  
Therefore we can express the change in capital stock per worker equation as: 
                                                                              ∆kα	= 	݅	–	(ߜ	 + ݌ + 	ܽ)݇ 
Where ܽ is technology per worker. In the Kremerian model we also assume that population growth is 
proportional to technological growth, this means that the only capital spending the government spend 
on the population is technology. Thus the government does not spend separately on population growth 
and technological growth, because the cost of population growth is the growth in technology. As the 
population grow it becomes important that governments provide capital for the new ‘‘effective 
workers’’.   So we can say that: 
                                                                              	݌݇	 = 	ܽ݇ 
Therefore we can rewrite the change in per capital stock equation as: 
                                                                               ∆kα= 	݅	–	(ߜ	 + 	ܽ)݇ 
This means than a change in capital stock will be determined by the investment rate in the economy, 
depreciation of old capital and the change in per capital investments in technology caused by population 
growth. 
                              
 
 
                                                        
                                            
 
 
                                                  
	
 
Figure 2.19: steady state 
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In the Kremerian steady state, the economy must be able to generate enough output to offset 
depreciation and the need for growth of technology due to population growth.  From the figure above 
we can see that at the steady state per capital (k*), per capita output (kα) offset depreciation (δ) and 
technological growth due to population growth. 
Assuming that population increase but output fall below the current state output level, it will result in 
the fall of capital per worker, and as capital per worker falls below the steady state, there will not be 
enough capital to cater for the need for technological growth. And as the economy is not able to provide 
capital for the new effective number of workers, output will fall again.            
 
 
 
 
 
                                                        
                                            
 
 
                                                  
	
 
 
From the graph we can see that as output per capital falls from k*α to k1, capital per worker also 
decreased from k* to k1 and this resulted in the decrease of steady state investments from i* to i1 
On the other hand if output increase above the steady state, capital stock per worker will increase from 
k* to k2 and investments will increase from i* to i2. 
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Chapter  summary 
 
• An economy can be defined as the combination of all economic entities and agencies such as 
manufacturing, production, trade, consumption, labor, capital, government institutions and 
service organizations of a particular country or geographical area. The key driving force of any 
economy is demand and supply of goods and services because it helps determine price levels. 
An economy’s GDP  is composed of consumption, investments, government purchases and net 
exports. 
 
• Pessimists  believe that population growth threatens human welfare 
 
• Optimist believe that population growth influences people to be innovative and resourceful to 
overcome scarcity. 
 
• Malthus is of the view that population grow geometrically and subsistence grow arithmetically. 
Thus the power of population  is infinitely greater than the power of the earth to produce 
subsistence for man. 
 
• Solow’s exogenous model states that ;although population growth cannot explain sustained 
growth in the standard of living (because output per worker is constant in the steady state), it 
can help explain sustained growth in total output. 
• Kremer model states that;  population growth spurs technological change because it increases 
the number of potential inventors; Kremer assumed that then chances of an individual inventing 
will be determined by the population. Thus the larger the population, the more likely that 
people will invent or come up with new ideas 
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Chapter 3 
The model and Framework 
 
 
 
3.1 Introduction 
Population growth promotes technological advancement, diversity of technical skills, high food 
production and improved quality of life. The conventional wisdom that population growth reduces 
welfare is flawed on many different grounds. This is because today’s population will become part of the 
labor force in a few decades. Thus today’s population will be a major contributor to pensions fund, 
nationals savings and investments fund as well as pay taxes in the near future; which means that even 
though increased population in the short term may reduce capital per head in an economy, in the long 
term, the economy will benefit. IMF projected that countries such as Denmark, Sweden, Japan, South 
Korea  and Canada may experience a considerable reduction in labor force, pensions funds as well as a 
reduction household savings because these countries have very low birth rates and an aging population. 
In 2008, South Korea launched a strategy that allows employees to go home early, in order promote a 
family culture, and this strategy was just to help increase the birth rate the South Korean society. 
Countries like Denmark and Sweden have similar strategies such as longer maternal leave in order to 
encourage women to take time off their careers to have children. 
As economies population increase overtime, the additional labor force find their own niche. This is 
because the additional people who become part of the population develop themselves, through 
conventional educations and other forms of learning and thus find jobs, earn income and make a living 
for themselves. The more people there are, the more niches are created and as the economy gains more 
satisfied niches, it becomes networked into a wider expanse of knowledge and ideas. And as this vast 
accumulation of knowledge spread; it will generate diversified technology and new sources of food 
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supply. If we look at human history, man has been more innovative in periods of high population growth 
than in periods of lower population. This is because in periods of high population growth, it is easy to 
diffuse technology. If we look at history, when the world’s population peaked at about a billion, it 
marked the beginning of the first industrial revolution in the early 1800’s and also when the world 
population was about two billion in the 1930’s, it marked the beginning of the second industrial 
revolution. Today, the world population stands at about 7 billion and the society is even more innovative 
than ever before. This modern era has ushered in what is known as the systemic revolution where man 
is attempting generates renewable sources.  
 Kremer (1990) and Boserup (1965) believe that demographic pressures (population density) promote 
innovation and high productivity in the use of resources such as land and labor. Kremer’s ideas were 
viewed as ambiguous and lacking proper scientific evidence to back his claims. But at the same time 
human history provides us a vital clue as to how demographic change can lead to higher innovation or 
technological change and subsequently increased or improved production. Population growth in ancient 
Roman cities influenced growth in architectural innovations; by the first century AD, the Romans begun 
to construct aqueducts to supply water to distant urban districts.  Thus as the population grew in urban 
centers, sanitation became a problem and this influenced the development of plumbing technologies in 
order to promote good hygiene and healthy living.   
Agricultural output today compared to the last century, has increased so many folds; the reason being 
that, population growth pressures the society to innovate in order to efficiently use land and labor. 
Agricultural output today is higher than output a 100 years ago because output per worker as well as 
output per square mile today is considerably higher than a 100 years ago. Thus due to technological 
advancement we are able to efficiently use labor and land today than 100 years ago.  
The biggest argument leveled against the impact of population growth is its environmental impact. But 
research proves that even at a population of 7 billion, man is able to manage its environment today than 
he was able to do during the industrial revolution of the 1800’s when the world population was about 
just a billion people. This means that as the population grows, man pushes beyond the boundaries of 
innovations and thus is able to use his environment efficiently. Today the commonest phrases and 
words in the world of business are green innovations/technology and sustainability; thus organizations 
are increasingly adopting business strategies that involves them competing on the grounds of how 
friendly their operations are on the environment, and this means that they have to invest huge amounts 
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of money in the sort of technologies that will enable them to be efficient without any adverse impact on 
the environment.  
Population growth spurs technological change (Kremer, 1990); and there are several reasons why 
population growth spur technological change. The first reason why population growth influence 
technological change is that, as the population grows it attracts FDI’s. Economic growth depends on 
population growth and income growth prospects; this is because such economies offer foreign investors 
potentially high returns on their investments.   Kuznets (1960) stated that: increased population with 
other conditions being equal means an increase in labor force. This abundance of labor will attract 
foreign direct investments as well as local investors. Foreign direct investments bring new technology 
and methods into the economy. This means that if an economy has a high population density, then it 
can potentially attract FDI’s, and thus resulting in technological change over time. 
The second reason why population growth spurs technological change is that; it is much easier to diffuse 
technology in a high population density than a low population density. Kremer stated that, the world 
was more productive in the 1800’s when the world’s population was 1 billion that 500 BC when the 
world population was 100 million.  He also noted that in 10000 BC, when the melting of the polar ice 
flooded the land bridges, separating the world into smaller regions, it slowed down technological 
growth, because these various regions could not communicate and share ideas for thousands of years. 
In 1960 when the world’s population stood at about 3 billion (source:Ppen world table,2011), the total 
world output was about $1.6 trillion(source:Ppen world table,2011),  but in 2010 when the population 
of the world population was 6.8 billion(source:Ppen world table,2011), the total output of the world was 
88 trillion(source:Ppen world table,2011),; this suggest that as the population grows, man is able to 
communicate and share ideas that enable him to be more efficient. 
The model we adopt suggest that population density and growth can actually promote economic 
growth. This is because population growth influences technological change and as technology grows the 
economy becomes efficient and thus is able to produce more. 
3.2 Limitations of the model 
1. The model does not allow constant technology change 
2. The model does not allow falling population rate 
3. The model assumes that population change adjust to income instantaneously 
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3.3 Defining  model 
The first part of the model is an adoption of the Kremer model. The Kremer model is based on two 
premises. 
1. The population size is proportional to the growth of technology. 
2. Population is limited by available technology. 
Kremer was of the view that, population size will influence technology growth and as an economy grows 
(as a result of technological growth), population also grows.  I believe that an economies population will 
grow irrespective technological growth, since there is always the passion between the sexes and that, 
the factors that can decrease population growth include war, disease and birth control.  
Thus this paper is based on the premise that the population size of an economy will influence 
technological growth. 
Population Size                     Technology Growth                      Population growth 
 Kremer’s output is given by: 
                                                       Y= ApαT 1-α                                                                                                   (1) 
Where 
A = level of technology 
T= land 
p = is population growth 
APα-1 =Capital (K) 
Kremer asserted that population increase above some steady state equilibrium level of income per 
capita, ȳ and decrease below it. The model also accept Kremer’s view that population growth spur 
technological change. Kremer was of the view that one person’s chance of inventing something is 
independent of the population size. He believes that, the larger the population size the greater the 
possibility that there are more smart people to come up with new ideas and inventions. Probable the 
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last fact may not have a proper scientific backing; however what I believe is that, since population size of 
an economy represents the market size of the economy, investors are enticed into markets with large 
populations. And as more investor come into an economy they bring new technology. Investors also 
invest in research based on the population size or the market. Kremer asserted that: if research 
productivity per person is independent of the population and if A affects research output the same way 
as it affects output of goods (linear, by definition)the growth rate of technology will be 
 
                                                                    		∆஺஺ = ݌݃                                                                                             (2) 
And g is the research productivity per person. As Kremer noted, it is not just a large population size, but 
the ability to diffuse technology   that will bring about economic growth. This means that countries with 
well-developed human capital and social institutions can easily gain access to technology developed by 
other countries. Typical examples are Denmark the Netherlands, Sweden and Switzerland which have 
relatively very small population size, but on the other hand have a well-developed human capital and 
social institution and this enable them to easily access and diffuse technology. 
Kremer also assumed that: since the growth of technology is proportional to the level of populations, the 
growth of population must also be proportional to the level of population. This can be expressed as  
																																																																										∆୮௣ = 	
ଵ
ଵିఈ	
∆஺
஺ ;                                                                                  (3) 
And since	∆஺஺ = ݌݃ , the above equation can be rewritten as: 
																																																																													∆௣௣ =
௚
ଵିఈ 	݌                                                                                   (4) 
The next part of the model is to determine how technological growth affects output, per capita income, 
savings rate and investments.  
We can substitute equation (1) with the Cobb-Douglas production function 
ܻ = ܨ(ܭ, ܣܮ) 
Where K, is capital including land and L is labor, which is influenced by population growth. We also 
assume that the better the technology the better the efficiency of labor (AL). We also assume that 
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population grows at the rate of n and technology grows at the rate of g.  Therefore we can substitute 
technology (A) into the equation 
             																																																																					ܻ = ܨ(ܭ, ܣܮ)= Kα(AL)1-α                                                                                 ( 6) 
Since we assume that population growth (g) spurs technological change we can say that 
݊ = 	∆ܣܣ =
ܣܮ
ܮ  
As the population grow output per effective worker is given by 
                                                                                      ݕ = ௒஺௅                                                                               (7) 
Capital per effective worker can also be written as 
                                                                                           ݇ = ௄஺௅                                                                          (8) 
Capital per effective worker will grow as population and technology grow 
                                                                ∆௞௞  =
∆௄
௄ −
∆௅
௅ −
∆஺
஺                                                                                      (9) 
This can be written as  
																																																																	∆௞௞ =
∆௞
௞ − ݊ − ݃                                                                                      (10) 
Even though population growth spurs technological change, in the short term it reduces the capital per 
effective worker. From figure 3.1 below, we can see that as population grow, investors also spend a bulk 
of their investments on research and development and also the government need to improve social 
institutions such as health system and education in order to support technological growth; this pushes 
capital  in the economy from k1 to k2. Since in the short term output does not increase to compensate 
for an increasing population, the steady-state output per effective work reduces from y1* to y2*; and 
this reduces the steady state capital per effective worker from k1* to k2*. 
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One key assumption of this model is that population size or density alone will not drive technological 
growth; unless the economy has a well-developed social institution and human capital population 
growth will not spur technological change. Prior to the industrial revolution of the 1820’s, the social 
structure of Britain changed, and these changes accounted for technological growth as well as economic 
growth of the British economy. Thus prior to the industrial revolution, the government established many 
educational institutions and many people also moved from the country side to urban centers to take up 
jobs. The Japan also established special research institutions in the 1930’s, 40’s and 50’s and order to 
promote science and research and this accounted for the transformation of the Japanese economy into 
an economic power. As we noted earlier Sweden Belgium Denmark Switzerland and the Netherlands has 
relatively low population density but because they have a well-developed human capital and social 
institution, these economies are advanced in technology since the social structure of these economies 
allows for the easy defusing of technology they gain from other countries. 
The next step is to determine how the model affects the savings rate in the economy. Solow was of the 
view that the savings rate in the economy depend on the changes in capital accumulation and 
deprecation. Thus 
                                                                       Real savings (RS) = 	ݏ	. (ܻ	 − 	ߜܭ); 
Solow was also of the view that, savings rate is a portion of consumption (ܥ), therefore we can say that;
  
																																																									ܻ	 − 	ߜܭ	 = 	ܥ	 + 	ݏ	.				(ܻ	 − 	ߜܭ)																																																																				 
																										capital	per	worker, k 
																		 
y 
 (δ + n1+g1) k1 
                
k1* 
         y       
 (δ + n2+g2) k2 
y*1 
y*2 
                
k2* 
Figure 3.1 
59 
 
An in any economy savings represent the portion of output that was not consumed and thus available to 
be invested. So 
                                                       ܻ	 − 	ߜܭ = 	ܥ	 +	(ܫ	 − 	ߜܭ)						           
And thus  
                                                         ܥ	 + 	ݏ	. (ܻ − 	ߜܭ) 			= 	ܥ	 +	(ܫ	 − 	ߜܭ)                                                              
 And by simplifying the equation above, we can rewrite the equation as 
																				ݏ	. (ܻ	 − 	ߜܭ) = 	ܫ	 − 	ߜܭ																																																 
Since saving equals to investment, we can express the above equation as 
                                                             ߂ܭ/ܭ	 = 	ݏ	. ܻ/ܭ	 − 	ߜݏ		                                                                          (11) 
Equation (10) states that as population grows, it spurs technological change and thus with increased 
capital investments in technology and social institutions, capital per effective worker is reduced. And as 
capital per effective worker reduce; household savings also reduce in the short term. And this can be 
expressed as: 
																																																														ݏܻ/ܭ = ∆݇/݇ − ݊ − ݃                                                                              (12)         
This can also be expressed as       
																																																											∆݇/݇ = ݏܻ/ܭ − ݊ − ݃																																																																																		(13)               
 
                                                        
                                            
 
 
                                                  
	
 																										capital	per	worker, k 
																		 
 Figure 3.2 
                
k1* 
       sy1      
y*1 
 
y*2 
                
k2* 
       sy2      
 (δ + n1+g1) k1 
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In the short term, growth in population results in growth in technology, reducing household savings 
(from sy1 to sy2). This is because as the population increase, an economy needs to invest in social 
institutions and social capital in order to boost technological growth and this will reduce the capital per 
worker in the short term. From the figure above we can see that as population increase, saving reduces 
in the short term, shifting from the saving rate from sy1  to sy2, thus reducing capital per worker. 
3.4 Long term effect of population growth 
In the long term as social institutions and human capital grow, the economy is place in a better position 
to take advantage of technological growth and constantly improve on its steady state in a progressive 
way. In the long term, population, technology and output will grow that the same rate. 
																																																																								݃y  = 	݃k = 	݃A 
Thus in the long term,  
݇ = ݇ ∗ 
Capital per effective worker will be constant in the long term. Thus irrespective of the change in 
population, the economy will be able to maintain the same amount of capital that will enable each 
worker to be efficient.  This can be expressed as 
∆ܭ
ܭ =
∆ܭ
ܭ −
∆ܮ
ܮ −
∆ܣ
ܣ = 0 
This means that capital per effective worker will grow at population growth and technological growth. 
∆ܭ
ܭ = ݃ 
At the same time output per effective worker will be constant, thus in the long term output will grow at 
the same rate as population growth and therefore maintain a steady state output per effective worker. 
Thus 
ݕ = ݕ ∗ 
This means that output will grow at the same rate as technological growth. 
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∆ݕ
ݕ = ݃ 
In the Solow model, the growth rate of total income is independent of the work force level of education 
or developed human capital. But our model however is based on the idea that technology cannot 
effectively progress without an educated or developed human capital. Because population, savings rate 
and technology grow at the same rate, they will converge to the same steady state of capital per 
effective worker k* in the long term this is shown below 
 
 
                                                        
                                            
 
 
                                                  
	
 
 
Population is a natural driver of technology and it is important that economies with high population 
density develop their social institutions as well as human capital; once this is done, it will be easy to 
adopt and diffuse technology that promotes growth. Technological growth will offset diminishing 
returns which are caused by population growth. 
Human capital plays a major role in our model; in every economy ideas come from skilled people and 
these ideas translate into tools, which enables us to use factors of production more efficiently.  The 
ideas created are non-rivalry and thus many people can use it. Overtime as the developed tools are 
improved, it allows for high production and better quality goods. 
Since wages are based on efficient unit of labor, as labor becomes more efficient wages will be higher. 
This means that if an economy possesses highly skilled labor, wage rates in the economy will be high. 
																										capital	per	worker, k 
																		 
 (δ + n1+g1) k1 
                
k1* 
        sy      
y*1 
Figure 3.3 
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Thus us the population grows, and technology progress due to highly skilled and trained work force, 
wage rates will also be higher as the economy increasing becomes efficient. 
To test our model we will use cross sectional data of three emerging economies (China Indonesia and 
Brazil) to conduct four major tests namely: 
1. Ordinary Least Square(OLS) 
2. Augmented Dickey Fuller Test 
3. Johansen Co-integration 
4. Granger causality  
3.5 Ordinary Least Squares 
This test is aimed at investigating whether there is a linear relationship between the chosen variables 
To test our hypothesis, the OLS model state that: 
ܮ݋݃	݋݂	݀݁݌݁݊݀݁݊ݐ	ݒܽݎܾ݈݅ܽ݁
= ܿ݋݊ݏݐܽ݊ݐ(ܥ1) + ܿ݋݂݂݁݅ܿ݅݁݊ܿ(ܥ2) ∗ 	݅݊݀݁݌݁݊݀݁݊ݐ	ݒܽݎܾ݈݅ܽ݁ + ݁ݎݎ݋ݎ	ݐ݁ݎ݉	 
Our model is subject the Gauss Markov assumptions which are as follows: 
• The true model is linear in parameters.  
 
 																													ݕ =β0 + β1∗ ݔ1 + β2∗ ݔ2 + ݑ 
                             Where: 
                             y = independent variable 
                           (β0, β1∗ ݔ1 , β2∗ ݔ2)= The dependent variable  
                           ݑ = the error term 
• The must be random sampling of data; this means that the data set must be randomly 
and independently distributed. 
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• U must be uncorrelated with u; this means that the dependent variable must not be 
correlated with the error term. 
• The must be no linear dependency of the repressors. 
• Homoscedasticity and no autocorrelation in the residuals. 
When the first four assumptions are fulfilled, then we can say that the OLS estimation is consistent, thus 
the confidence are correct and not biased; and when the final assumption is fulfilled then the OLS 
estimation is efficient. 
Two majors tests will be conducted with the OLS method; the first test will focus on investigating 
whether there is a linear relationship between population and GDP or in simple terms whether a unit 
change in population will influence and change in GDP and the second test will focus on investigating 
whether there is a linear relationship between population and investments or whether a unit change in 
population will influence a change in investments. 
 
3.6 Test 1(Relationship between population and GDP) 
Using cross sectional data of China, Indonesia and Brazil, we test the relationship between Population 
growth and GDP. Therefore we state that:  
ܩܦܲ	(ݒܽݎܾ݈݅ܽ݁	) = 	݌݋݌ݑ݈ܽݐ݅݋݊(	ݒܽݎܾ݈݅ܽ݁)	
And using the adopted OLS model we state that: 
ܮ݋݃	݋݂	ܩܦܲ(ݕ) = ܿ݋݊ݏݐܽ݊ݐ(ܥ1) + ܿ݋݂݂݁݅ܿ݅݁݊ܿ(ܥ2) ∗ 	ܲ݋݌ݑ݈ܽݐ݅݋݊(ݔ) + ݁ݎݎ݋ݎ	ݐ݁ݎ݉(ݑ)	             (1) 
We also postulate that: 
H 0:β=0  and  H1:β ≠0 
The null hypothesis (H0: β=0) states that; holding population constant; there will be no linear influence 
on a unit change in GDP. If the t value exceeds the critical t value at the chosen significance level, we 
may reject the null hypothesis; if not then we can accept the null hypothesis. Thus the null and 
alternative hypothesis helps us to estimate: 
• Whether the estimated coefficient on population  is significantly different from zero 
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•  And whether  a unit change in population  has a significant  effect on GDP   
The t- stat ration is given as: 
݁ݏݐ݅݉ܽݐܽݐ݁݀	ܿ݋݂݂݁݅ܿ݅݁݊ݐ	
ݏݐܽ݊݀ܽݎ݀	݁ݎݎ݋ݎ  
 
3.7 Test 2(Relationship between Population Capital Investments) 
Using cross sectional data of China, Indonesia and Brazil, we test the relationship between Population 
growth and capital investments. Therefore we state that:  
ܫ݊ݒ݁ݏݐ݉݁݊ݐ(ݒܽݎܾ݈݅ܽ݁	) = 	݌݋݌ݑ݈ܽݐ݅݋݊(	ݒܽݎܾ݈݅ܽ݁)	
And using the adopted OLS model we state that: 
 
ܮ݋݃	݋݂	ܫ݊ݒ݁ݏݐ݉݁݊ݐݏ(ݕ) = ܿ݋݊ݏݐܽ݊ݐ(ܥ1) + ܿ݋݂݂݁݅ܿ݅݁݊ܿ(ܥ2) ∗ 	ܲ݋݌ݑ݈ܽݐ݅݋݊(ݔ) + ݁ݎݎ݋ݎ	ݐ݁ݎ݉(ݑ)	                      
                                                                                                                                                                                       (2) 
We also postulate that: 
H 0:β=0  and  H1:β ≠0 
The null hypothesis (H0: β=0) states that; holding population constant; there will be no linear influence 
on a unit change in investments. If the t value exceeds the critical t value at the chosen significance 
level, we may reject the null hypothesis; if not then we can accept the null hypothesis. Thus the null and 
alternative hypothesis helps us to estimate: 
• Whether the estimated coefficient on investments  is significantly different from zero 
•  And whether  a unit change in population  has a significant  effect on investments   
  
The t- stat ration is given as: 
݁ݏݐ݅݉ܽݐܽݐ݁݀	ܿ݋݂݂݁݅ܿ݅݁݊ݐ	
ݏݐܽ݊݀ܽݎ݀	݁ݎݎ݋ݎ  
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3.8 Augmented Dickey Fuller Test (ADF) 
Augmented   Dickey fuller test is used to test a negative number, the more negative the number, the 
stronger the rejection of the hypothesis that that there is a unit root at some level of confidence. ADF 
test is aimed at testing if the variables are stationary. A stationary variable has a constant mean, a 
constant variance and the covariance is independent of time; thus being stationary means the joint 
probability of a given distribution does not change when time is shifted. The unit root will be based on 
two regression forms: 
With constant: 
                                                                 ΔYt   =α + ߜYt-1   + µt                                                                                (3) 
With constant and trend: 
                                                                   ΔYt   =α + βt + ߜYt-1   + µt                                                                                 (4) 
Where t is time or trend variable, Δ is the first difference operator, Yt is the log of the variable in the 
period t,β is the constant and µ is the intercept. 
Hypothesis: 
H0:	ߜ = 0(Unit Root) 
H1:	ߜ ≠ 0 
Our decision will be based on the fact that: 
If the t-stat is greater than the critical value we do not reject the null hypothesis; which means that unit 
root exists; and if the t-stat is less than the critical value we reject the null hypothesis, which means that 
unit root does not exist. 
3.9 Johansen Cointegration  
 Cointegration is used to determine whether there is a long run relationship between two variables that 
has unit root. Johansen Cointegration allows for more than one cointegrated relationship.  Given 
variables (two or more) are said to be cointegrated if each of the time series are non-stationary. the 
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main aim of  adopting Johansen cointegration is to determine if Population and GDP are cointegrated. 
We will test whether there is a long run equilibrium relationship between Population and GDP.  
             ΔYt = δ + ΣΓiΔYt-i + ΠYt-k + εt                                                                                                                      (5) 
Where Y is the k-vector (column vector) of non-stationary variable, Δ is the difference operator, Γ and Π 
represents   the coefficient matrices, k is the lag length and δ the constant. The null hypothesis is 
rejected if the test statistics exceed the critical value of the distribution. Thus when the p value is less 
that 5% we reject the null hypothesis and when it is more than 5% we accept the null hypothesis. 
3.10 Granger causality 
We will employ Granger Causality method to determine the causal relationship between population and 
GDP; thus whether population change GDP change and vice versa 
          GDP = C1*POPt - i + C2*GDPt  - i +u1t                                                                                                          (6) 
                POP = C3*POPt – i +C4*GDPt  - i +u2t                                                                                                         (7) 
Where C represents the coefficient of GDP and population, t-i is the lag period and u is the residual of 
the model. 
The null hypothesis is: 
Population change does not granger cause a change in GDP and vice versa. The alternative hypothesis is 
that population change causes a change in GDP and vice versa. We will use the F-statistics to test the 
relationship. The guide line is that if the P-value is more than 5%, then we cannot reject the null 
hypothesis (thus we accept the alternative hypothesis. But on the other hand if the P-value is less than 
5%, we reject the null hypothesis. 
The Framework 
 
3.11 Introduction 
The frame work seeks to provide a direction as to how an economy can actually use its population to 
promote growth. Population growth or a larger population density will not drive growth unless 
governments develop reforms that will enable the economy to attract FDI’s, increase the value of its 
technology and create jobs for the growing population  .Kremer constantly argues that population 
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growth will not automatically spur change that will lead to growth; he argued that for technology to 
change it needs to diffuse through the population and the only way for technology to effectively diffuse 
is to have  solid human capital and social institution. 
Our model stated that population growth can contribute to economic development, if it is able to drive 
technological investments and technological progress. We argue that for an economy to promote 
growth with its populations, it must lay down reforms that will attract investors (FDI’s), including macro 
stability, development of human and social capital and infrastructural development.   
The adopted framework provides a directional map that will enable an economy to promote growth 
with its population. First of all we see economic growth or development as an evolutional process, 
which means that all things being equal, under developed economies like Pakistan, Haiti, or Zimbabwe 
cannot become developed economies overnight. The only ways these economies can develop is by 
going through a natural evolutional process of growth also known as revolutions. This evolutionary 
process begins with innovations and as the economy learns to improve on innovations, it is said to be 
‘evoluting’ and as the entire economic system join forces to promote this evolutionary process, it ushers 
in a full scale revolution. Innovations promote industrialization level; Peter Belohlavek(2011) defines the 
industrialization level as an ontological map that defines the structure behind the industrial revolution. 
For every economy to industrialize, history tells us that it has to go through different stages of 
industrialization. Most western economies today such as the United States, Canada and Western 
Europe, went through periods of trade in handicrafts and then the first industrial revolution, followed by 
the second industrial revolution and then the third industrial revolution; which is the type of 
industrialization that exists today. The first industrial revolution was the mechanical stage and occurred 
during the 1800’s, this period of industrialization was characterized by the discoveries and the 
development of various mechanics. The second industrial revolution was systemic, thus most of the 
innovations that contributed to growth were of a systemic nature and a typical example is mass 
production. The third industrial revolution is an adaptive revolution and it involves the development or 
innovations that enable economies grow as well as sustain their environment and a key example is 
green innovations. The third industrial innovation is concerned or committed to developing adaptive 
systems that have very high energy conservation attributes. This suggests that innovations and 
technological growth is gradual, and for it to sustain growth, economies should invest in these 
innovations over time. 
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Our framework suggests that population on its own (either density or growth) will not promote growth, 
but rather needs a ‘growth catalyst’. Once this catalyst is active, population (growth or density) will aid 
the economy to evolve or grow through learning and efficiency. 
This framework is based on Unicist growth theory designed for both micro and macroeconomics. The 
Unicist ontology is a revolutionary research developed by The Unicist Research Institute (TURI). From 
1972 to 2011 more than 4,200 Unicist ontological researchers, developed research projects in the field 
of individual, institution and social evolution; this particular theory was developed by Peter 
Belohlavek(2011).  
The Unicist growth has the basic premise that, there are four basic elements that promote growth in an 
organization or the economy and these four elements are technology, monetary circulation, 
competitiveness and scarcity. Thus for growth to occur at both the micro and macro level, it is important 
to determine how to increase the value the technology one is using, how to generate monetary 
circulation in the market, how to develop the feeding of scarcity from within and outside of the 
organization or the economy and also how to be competitive. Competitiveness is very important 
because in involves influencing the market to gain a market share. Technology involves using less to 
produce more and it can be advancement in labor through education and training or new strategies, 
new machinery etc. Technology also involves taking advantage of what one has and of the conditions of 
the environment. The Unicist growth theory implies that, the recipe for growth is integrating technology 
with competitiveness and generating monetary circulation in the market within an environment of 
scarcity. Thus the Unicist believe that innovation is the driver of evolution; and innovation implies 
generating added value. In the next chapters we will look at how economies can restructure based on 
the Unicist theory in order to predict or forecast their evolution and also to institutionalize growth in 
order to improve the economic well-being of the population.  
The main ideology behind the Unicist growth theory is that, an economy wills growth if structures are 
put in place in orders to avoid scarcity at any given period of times. Peter Belohlavek stated that the 
Unicist growth is based on an action principle which is defined by the technological driver and energy 
conservation principle based and the avoidance of scarcity. 
 In this paper we assume that the main cause of scarcity is population growth; in reference to the 
Malthusian ideology that population growth if unchecked will result in an economy’s inability to produce 
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enough to sustain the population resulting in a reduction in the capital per head and thus welfare and 
standard of living will be affect. 
 
3.12 Background of framework  
Nature is defined by or organized by objects, and the Unicists strategy emulates nature; thus the 
strategy implies reorganizing natural order so as to emulate evolution in order to make things happen, 
especially when there are problems or crises. The Unicists strategy like all other natural orders of life or 
nature is driven by purpose.  Purpose is covered by an energy conservation function that sustains it. 
Example every organization is driven by the purpose of profitability and the only way to achieve this 
purpose is to manage its resources effectively. The management of resources represents the energy 
conservation function of the organization; thus the Unicist strategy involves the adoption of the 
anthropic intelligence of nature and the main purpose is to adapt to the environment. 
 
                         Figure 3.4 
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  Adapting to the environment involves influencing whilst being influenced, to achieve the goals that 
have been established.   To adapt to the environment, it is important to adopt both maximal strategy as 
well as minimal strategies. 
Maximal strategies are the strategies we adopt that do not fully depend on our action, but depends on 
the opportunities of the environment and therefore it is beyond our boundaries or what we are doing. 
And thus require a high level of freedom. The evolutionary process depends entirely on the maximum 
strategy. Minimum strategies are however based on the workings within the boundaries of the specific 
activities we base our goals in order to fulfill the purpose. Every activity is driven by its maximal strategy 
by adding value through ‘winning’ and the power to make it happen. Without the necessary influence 
(maximal strategy), one cannot win or achieve objectives of sustaining and adding value to the 
environment. In an economy examples of maximal strategies may include natural resources such as oil 
and gas, knowledge accumulation in the economy and technology drivers. 
 
Minimum strategies on the other hand are there to ensure survival and are achieved when an economy 
is able to use it to drive the maximum strategy and it involves paying prices in order to ensure survival. 
Maximal strategies are value adding and influence the scarcity in order to influence the catalyst of the 
strategy. When there is a lack of influence, then the influence function act as inhibitor of the strategy 
and the strategy disappears; not only the maximum strategy disappears but the minimum strategy is 
threatened. Minimum strategies ensure survival and it involves paying price and the price payment is 
the entropy inhibitor of the minimum strategy.  Minimal strategies include measures that a government 
put in place to ensure the economy is able to produce enough to avoid scarcity or shortages. And 
examples can be investing in physical and human capital in order to increase investments and bailing-
out very important organizations in the economy. Measures such as attracting investors through 
investments in physical and human capital will go a long way to drive growth in the maximal strategies. 
Example it can result in increased foreign investments in the industries and thus drive growth in the 
economy. 
Finally the process must be adopted and each stage must be focused on achieving the ‘purposed’ for 
which the strategy was established.  The success of the strategy involves conserving energy and this 
energy conservation must be the must be integrated into the systems of the organization or economy in 
order to promote growth. This strategy involves learning and improving on previous innovations; and 
this forms the basis of evolution. Economies evolve because they improve on their technology, and 
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become efficient, and the amount of energy they save translates to economic growth. Thus it is 
important that economies are able to develop strategies and methods that will enable them to 
efficiently utilize scarce resources in order to boost output levels. 
The Unicist believe that: economic growth is based on a principal action, which is defined by the 
technology driver and energy conservation principle based on the avoidance of scarcity. The Unicist 
believe that economic growth is based on technology monetary circulation competitiveness and 
scarcity. Thus for growth to occur at both the micro and macro level, it is important to determine how to 
increase the value the technology one is using, how to generate monetary circulation in the market, 
how to develop the feeding of scarcity from within and outside of the organization or the economy and 
also how to be competitive.  
 
                          Figure 3.5 
 
 
 
                                           
 
 
 
 
 
 
3.13. Technology 
Technology represents an improvement of something, be it goods or services. Belohlavek (2011) stated 
that; technology implies an improvement of generation of added value with less energy consumption and 
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less energy losses. Technology is not just about physical products but also in process such as division of 
labor. Technologies add value and enable us to produce more with less input; and thus for this reason 
technological growth enables an economy to expand.  It can be advancement in labor through education 
and training or new strategies, new machinery etc. Technology also involves taking advantage of what 
one has and of the conditions of the environment. 
3.14 Monetary circulation 
 Monetary circulation refers to access to money or money in the hands of the generation population 
Belohlavek (2011) defined monetary circulation as: the necessary credit available to access goods and 
services for the mass population. It is one of the most difficult principles of growth to manage, this is 
because it can inflate or deflate the economy. Monetary circulation is necessary to keep economies 
running and therefore it will be very important that consumers have easy to credit in order to access 
goods and services  
3.15 Value competitiveness 
For and economy to grow it needs to be able to compete at a global stage. According to Belohlavek 
(2011), value competitiveness is the principle to compete, providing superior value and not based on 
cost advantages.  Competitiveness is very important because in involves influencing the market to gain a 
market share. 
3.16 Scarcity 
Scarcity or the avoidance of scarcity is what drives monetary circulation and technological growth. 
Scarcity contract the economy and this pushes governments adopt various energy conservation 
measures such as monetary circulation and technological growth. Energy conservation is those factors 
that enable and economy to produce more with less and also add value. 
Integrating the four fundamental principles result in the conservation of energy. Thus scarcity will 
contract the economy and to be productive the economy will need enough monetary circulation. 
Technology adds value and also ensures that the economy is able to complete on the global markets. In 
an economy all four factors of growth demonstrate different attitudes and it is these attitudes that drive 
growth. The Unicist have growth theory has four basic stages of attitude: 
1. Reactive growth 
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2. Administrative growth 
3. Supply driven growth 
4. Demand driven growth 
 
3.17 Reactive growth 
The Unicist are of the view that scarcity is the key driver of growth in the economy. Reactive growth is 
driven by scarcity. Thus every economy reacts to pressures of scarcity or economies react in order to 
avoid scarcity and this drives growth. To sustain this growth there must be good monetary circulation 
policies I the economy. Reactive growth forms the basis of economic growth but however it is very 
difficult to sustain since some economies lack the basic monetary base to promote growth. 
3.18 Administrative growth 
Administrative growth is the second stage of growth and it represents the various efforts governments 
make to ensure that there is monetary circulation in the economy. For every economy to recover from 
scarcity to part ways of growth, it will require and active government participation. The unicist warned 
that administrated growth should not occur at the reactive stage because the growth that will occur will 
be short termed. Belohlavek (2011) stated that: if participation occurs before the first stage has 
happened, it works as a palliative of the crisis without producing its results. 
 
3.19 Supply driven growth 
This growth is driven by the production or the industrial sector of the economy. It occurs as new 
ideologies and techniques are adopted to improve or add value. Supply driven growth influences 
consumer attitude. Belohlavek stated that: this produces a change of attitude of the market if the 
creative solutions fit into the unfulfilled needs of the population. Belohlavek however cautioned that for 
supply driven growth to be successful government administered growth must be fulfilled. 
 
3.20 Demand driven growth 
This stage suggests that supply must be adequately matched up with demand and once that happen, 
growth in the economy can be achieved. The well-being of the general population is improved if 
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demand driven growth and supply driven growth. Behlolavek (2011) states that for demand driven 
growth to occur it; it implies the existence of a fluid financial system to provide the necessary monetary 
circulation to foster individuals’ consumption. To maintain a stable demand driven growth it is important 
that the government controls the market to prevent scarcity and price hikes. 
The maximal strategy drive growth by adding value, maximizing consumption and in that way the 
economy or organization is able to generate growth or expand by being competitive. Minimum 
strategies ensure survival and thus it influences productivity in order to avoid scarcity.  Minimum 
strategies are the force that drives maximum strategies and it involves the paying of price to ensure the 
survival of maximal strategies. Example if an organization wants to increase productivity, it needs to 
invest in labor resources as well as machinery and materials; thus the price they pay on labor, machinery 
and raw materials will represent their maximum strategies. 
 
 
3.21 Application of the framework 
Our model suggests that for an economy to grow, it must go through an evolutionary process of 
innovations. Growth occurs only when the economy is able to master its current technology so as to 
improve on it so as to improve output.  The model is underlined by three fundamental principles and it is 
a combination of three variables that promote growth. These fundamental principles are  
• Purpose 
• Push factors(catalyst) 
• Pull factors( inhibitors) 
The purpose is the established objective the economy adopts to drive growth and it is that purpose that 
drives the evolutionary process. Similar to the Unicist strategy the purpose is what drives the 
evolutionary process. The purpose enables the economy to accumulate or conserve energy that will be 
necessary for growth. The purpose must enable the economy to control and adapt to the environment. 
Purpose is not a concept, but rather a tool, that can influence growth. The established purpose provides 
value adding opportunities that will promote growth, create jobs, increase capital accumulation and also 
provide the opportunity for the economy to growth or evolve in the future. 
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The push factors refer to those factors that that influence structures in the economy in order to achieve 
the established purpose.  The push factors are natural catalyst that exists in the environment and they 
may include accumulated knowledge in the environment or natural resources. The push factors are 
what the Unicist refer to as the maximal strategy. Thus like the maximal strategy, which does not 
depend on a hundred percent of an economies actions but rater depends on the opportunities in the 
environment. The push factors will require a high level of freedom, because it reaches beyond the 
boundaries of an economy and they are among the critical factors that will foster evolution 
Pull factors are those factors that stabilize or sustain the economy so that the maximal strategies are 
operational; and it involves the paying of price. Without these pull factors, growth in the economy will 
be inhibited. The pull factors are also known as the minimal strategies (unicist). 
To drive growth, population density or growth in an economy acts as a catalyst. First because population 
density creates a market, it drives growth by attracting investors, and as investors introduce new 
technology it is easy to defuse the technology in the economy. 
 
EVOLUTION 
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     PURPOSE 
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                      Figure 3.7 
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 To drive growth with population, an economy should be able to create an environment that will attract 
investors into the economy. Economies invest in infrastructure, physical and human capital; maintain 
macro stability as well as social institutions. Investors usually introduce new technology and with and a 
well-educated population, it will be easy to diffuse technology throughout the economy thereby 
promoting efficiency in all sectors of the economy. As the government controls the energy conservation 
function, it enables the economy to manage its growth.                         
 
                 
3.22 Chapter summary 
• The model states that: The population size is proportional to the growth of technology and also 
population is limited by available technology. The model states that population growth is 
proportional to technological change but it is subject to how educated the population is. 
Population growth reduces capital accumulation in the economy in the short term, since 
government need to invest in physical and human infrastructure. In the long term capital 
TECHNOLOGICAL 
GROWTH 
 
       GROWTH 
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accumulation in the economy increases since population, technology and output grow at the 
same rate. 
• Ordinary Least Square estimate  the linear relationship between variables 
•  Augmented Dickey Fuller  test is aimed at testing if the variables are stationary 
• Johansen Cointegration is used to determine whether there is a long run relationship between 
two variables that has unit root 
• Granger causality determine the causal relationship between variables 
• The Framework is based on the Unicist ontology and object driven business strategy; and it built 
on the premise that: premise that, there are four basic elements that promote growth in an 
organization or the economy and these four elements are technology, monetary circulation, 
competitiveness and scarcity. Thus for growth to occur at both the micro and macro level, it is 
important to determine how to increase the value the technology one is using, how to generate 
monetary circulation in the market, how to develop the feeding of scarcity from within and 
outside of the organization or the economy and also how to be competitive. 
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Chapter 4. 
Empirical Analysis 
 
 
4.1. Introductions 
Majority of the emerging markets have a high population density, probably there is a relation between 
the population size of these economies and growth. The 8 fastest growth markets contribute to nearly 
48 percent of the world’s population. 
Country Population  
Indonesia  237,000,000 
China  1,339,000,000 
Brazil 192,000,000 
Russia 143,000,000 
Mexico 112,000,000 
S. Korea 50,000,000 
Turkey 74,000,000 
India 1,210,000,000 
Total 3,357,000,000 
Table 4.1. Source: Penn world table; 2011 
According to the IMF emerging markets held about 52% share of the world’s total FDI’s in 2010. IMF 
suggests that, the 8 largest emerging markets are at an advantageous position when it comes to 
attracting FDI’s, and this is due to their market size. Today most investors seek to be more efficient, 
therefore to seek for markets with new technology, competitively priced inputs and labor as well as new 
channels of distribution. An economy’s size matter when it comes to FDI’s. According to the IMF, the 
world 10 largest economies account for nearly 47% of FDI’S in 2010. United States remains the top 
destination for FDI’s, receiving $228 billion followed by china which receives $106 billion. 
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This paper will test whether the population size of 3 of the fastest growing economies (China Brazil and 
Indonesia) is a major contributing factor to their growth. 
4.2 China 
The Chinese economy is one of the fastest emerging economies in the world, it grew about 10.5% in 
2010 and the world bank predicts that Chinese GPD  will grow  at the rate of between 10- 12 % between 
2010 and 2015.  Since china introduced reforms in 1979, annual real GDP growth rate increased by 10% 
and the Chinese economy grew nearly 18 folds in real terms in the same period; and because of that 
there has been an improvement of welfare as hundreds of millions of people in china live above the 
poverty line. China is currently the second largest economy in the world and forecasts are that china 
could be the largest economy in the world in the next few years. 
 China is currently the largest trading partner of most western economies including the United States. 
Many manufacturing companies operate in china, taking advantage of the abundance of labor force as 
well as the low cost of labor and thus keeping the unemployment rate in china low. The boom in the 
Chinese economy is even strategically important to most western economies like the United States, this 
is because by operating in China, firms can remain internationally competitive as they are able to 
produce at low cost. Also as the Chinese economy grows it enables the Chinese government to purchase 
securities in other economies and thus providing those economies money to fund their economic 
projects. Example according to the Federation of American scientist, in 2010, the Chinese government 
made a large scale purchase of US treasury securities, thus enabling the federal government to fund 
budget deficits, which helped keep US interest rates low. 
Prior to the economic reforms in 1978, the Chinese economy was almost totally controlled by the state; 
this means that it was the state that established production targets, controlled prices and allocated 
resources within the economy. According to the Federation of American scientists, during the 1950’s all 
the Chinese individual household farms were collectivized into large communes. To support 
industrialization, the central government undertook large-scale investments in physical and human 
capital in the 1960’s and 70’s. By 1978 nearly three-quarters of industrial outputs came from state 
owned enterprises. Private as well as foreign firms were banned in china. The main objective of the 
central government was to make the Chinese economy self- sufficient so that the only foreign goods on 
the Chinese market were those that could not be produced locally. 
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The Chinese economy stagnated during this period, there was very little or no profit incentives for 
workers, farmers and firms and at the same time there was virtually no completion in the chines 
economy. This soviet style economy being practiced in china resulted to very poor living stands 
compared to many countries. 
After the death of the chairman Mao Zedong, the Chinese government adopted new economic reforms 
in line with free market principles and thus opening doors for trade with western economies and the 
major objective for these reforms was to improve living standards considerably. The Chinese leaders 
who introduced these reforms were Deng Xiaoping and in his own words he said that: black cat, white 
cat; does it matter what color the cat is, as long as it catches a mouse?  
 1n 1979, the Chinese government introduced new reforms; these reforms enabled farmers to sell a 
portion of their crops on the free market.  The Chinese government also established special economic 
zones to attract foreign investment, in order to exports and imports, and also promote the growth of 
technology in the economy. There was also the decentralization of economic policymaking in several 
sectors including the trade sector. Unlike prior to the reforms, business enterprises were not controlled 
by the central government but by provincial and local governments, which generally allowed these 
enterprises to compete on the free market. Individual Chinese were encouraged to establish their own 
businesses. In order to attract foreign investors, the Chinese government established or constructed 
new cities which provided tax and trade incentive in order to promote free market trade. Also the 
government stopped controlling prices on a wide range of products. These reforms boosted trade in the 
economy, resulting in growth and economic success. 
Between 1952 and 1978 it was estimated that real GDP grew at an average of 6.7%; even though 
economist are of the view that, the figure is over estimated due to the several economic disasters the 
Chinese economy faced during that period. From the period these reforms were established to present 
times it is estimated that the Chinese economy has been growing at an average annual rate of 10%. 
Economist believes that the Chinese economic growth can be attributed to two major factors: 
1. Large scale capital investments due to large domestic savings and foreign investments 
2. Rapid growth in productivity 
These two factors complement each other; thus as  a result of the reforms in the economy, there was a 
high level of efficiency due to growth of the labor force as well as improvements in technology thereby 
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increasing output and once output increase it automatically generate additional resources to invest in 
the economy in the near future. 
Before the reforms, the Chinese percentage savings on GDP was 32% and in 2010(nearly 3 decades after 
the introduction of reforms) the gross saving percentage of GDP was 53.9%; making china one of the 
countries with highest the highest saving rate in the world. China’s saving rates is in excess of its 
domestic investment and thus making china the largest global lender. 
Chinese growth can also be attributed to the increase in efficiency in the economy. Productivity in the 
Chinese economy increased as a result of reallocation of resources for more productive use. Thus as 
sectors agriculture and trade were not centrally controlled by the government, it enabled efficient 
management and allocation of resources, thereby driving growth. The increase in private firms also 
contributed to the growth in productivity in the Chinese economy since unlike state owned enterprises, 
private firms are more market oriented and thus more efficient. Chinese local as well as provincial 
governments were also allowed to establish firms without the interference of the central government; 
and the with the rise in the number of firms in the economy and also the ability of Chinese firms to trade 
on the international market based on the free market principles, the Chinese economy was exposed to 
competitive forces and this drove most firms to be efficient.  
As a result of Direct Foreign Investments (FDI’s) there was the growth in new technology and new 
processes in the Chinese economy. In the last decade china’s Total Factors of Production (TFP) has been 
higher than that of the United States. TFP is the estimate of economic out growth which has not been 
account for growth in inputs of labor and capital; and often this growth is attributed to growth in 
technology and efficiency. China’s ability to access and utilize foreign technology enables china to 
growth TFP’s at a much faster rate than most countries. 
Development of human capital was also critical to the Chinese economic growth. Even though 
educational levels are considerably low compared to western counterparts, the china considerably 
improved educational standards in the 1990’s and this improvement of education was aimed at 
improving labor to make up for growing demands for skilled work force. We can determine how 
educational standards in china improved by comparing it to the United States; while in 1990 the number 
of US citizens with high school education was 1.65 times the number of Chinese citizens, however by 
2000 the figure dropped to 1.17. For BA degrees the figure fell from 7.59 to 4.33.  
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In 2000 more than half of the Chinese population was 65 years and above; the Chinese government was 
however focus on improving educational standard for the younger generation in line with the labor  
needs of the country. 
The improvement of Chinese labor-force through improvements in education had a major impact on the 
economy. This this explosion in education supported the structural change in the Chinese economy in 
the sense that it enabled labor to be shifted from low productive agricultural sector to a much 
productive industrial and service sector. The improvement in the human capital increased the real GDP 
per head. 
Prior to 1978 nearly 71% of the Chinese employable labor was employed by the non-productive 
agricultural sector. But between 1978 and 2006 with the improvement in educational standards coupled 
with the industrial growth; this number decrease by nearly 30%, falling from 71% to 43%. The Chinese 
employment in the industrial and construction sector increased from 17 % to 25% and employment in 
the service sector increased from 12% to 32 %. Between 1978 and 2006, there was a massive growth in 
the Chinese labor force; increasing from 402 million to 764 million. 
Structural reforms in the Chinese economy in the 1978 resulted in a surge in FDI’s in the early 1990’s. 
FDI’s has been a major contributor to growth in the Chinese economy. In 2007 it was estimated that, 
there were 286,200 foreign companies in china; these companies contributed to 31.5% gross industrial 
output and employed over 42 million people. The chines government Annual utilized FDI’s in china grew 
from $2 billion in1985 to $106 billion in 2010. China tops the world destination for FDI’s, since FDI 
accumulation is estimated at $1. 08 trillion. 
 The Chinese economy is a major trading power due the structural reforms and trade liberalization 
policies adopted in 1978. Merchandise exports increased from 14 billion in 1979 to 1.6 trillion in 2010; 
during the same period merchandise imports increased from 16 billion to 1.4 trillion. In 2010 china 
overtook Germany to become the world’s largest merchandise exporter; china is also the world’s second 
largest merchandise importer. China’s trade surplus has increased considerably over the last 3 decades. 
China is current the world’s largest holder of foreign reserves, this is because trade surpluses, DFI’s and 
large purchases of foreign currencies to maintain its exchange rate with major currencies, has enabled 
china to accumulate the world’s largest foreign exchange reserves. 
The Chinese government maintains an active relationship with many countries especially within Asia in 
order to boost trade and investments. China currently has a Free Trade Agreement (FTA) with Chile, 
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Peru, Macau, New Zealand, Singapore, Pakistan and ASEAN. Trade with these countries amounted to 
$574.5 billon, which represents about 19.3% of Chinese global trade. China is also in the process of 
negotiating FTA’S with many countries across the globe including most of the Arab States of the gulf, 
South Korea, India, Norway Australia, Iceland Switzerland and may African states. 
Even though the Chinese economic growth strategy is to attract FDI’s in 2000, the Chinese government 
introduced a new strategy called ‘go global’; which encourage Chinese firms to invest abroad. Because 
the Chinese economy accumulated massive foreign exchange reserves, the government sought more 
profit by investing abroad. Most of these serves were invested in the United States treasury securities. 
To better manage foreign exchange reserves the Chinese government launched the China Investment 
Corporation.  Funded at $200 billion, it was the world’s largest sovereign funds. Analysts are of the views 
that, china diversify the use of its foreign exchange holdings by using its reserves to purchase profitable 
foreign firms or shares in profitable foreign firms. 
In order to gain access to foreign technology and management skills to aid domestic firm to become 
more efficient and compete internationally, the Chinese government seeks FDI’s through joint ventures. 
But current with the ‘go global’ strategy, the Chinese government is promoting the development of 
internally recognizable brands. One method of developing internationally recognizable brand is by 
purchasing and internationally recognizable company and its brand; a typical expel is Lenovo group 
limited, purchasing the personal computer division of IBM in 2005 for $ 1.75 billion. 
 Because the Chinese government was to make sure that it industries gain access to materials and 
necessities that are important to economic growth, the purchase of raw materials and energy has been 
one of the major priorities  of the Chinese investment abroad strategy. Therefore state owned Chinese 
firms have purchase or invest in foreign energy or raw material firms. Chinese ODI’s increased from $2.9 
billion to $56.5 billion in 2009, whit SOE’s accounting for nearly of ODI’s. 
 
4.3 Indonesia 
Indonesia is also one of the fastest growing economies in the world. According to the World Bank, the 
Indonesian economy grew at an average rate of 6% per annum between 1966 and 2005. The Indonesian 
economy has grown more than 5 folds in the last 30 years. Indonesia population stands at 232 million; 
growing at an annual rate of 1.94%, Indonesia is the fourth most populous nation in the world. Per 
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capita GDP grew from $94.71 in 1960 to $4,312 in 2010(Penn World Table). It is believed that the driving 
forces behind the Indonesian economic growth include: FDI’s, international trade, a developing social 
institution, physical and human capital accumulation and macro stability 
Foreign Direct Investments (FDI’s) 
 Growth in foreign direct investments (FDI’s) is one of the major reasons for the growth of the 
Indonesian economy. The Indonesian government established laws in the late 1960’s, to provide the 
legal framework to promote and protect FDI’s. in the 1970’s FDI’s in Indonesia was concentrated around 
the oil and the Gas sector, however in the 1980’s the government  attempted to promote FDI’s in other 
sectors of the Indonesian economy. During the 1980s and 90’s Indonesia experienced a surge in FDI’s 
and domestic investments and this surge is attributed to the Indonesian governments deregulation 
policies in order to promote investments. The growth in FDI’s diversified the Indonesian; growth in a 
broad base manufacturing sector, boosted Indonesian exports. FDI’s growth meant that Indonesians did 
not have to just depend on exports of oil and gas. The growth in the Indonesian FDI’s promoted the 
growth and development of Indonesian indigenous technological capabilities. FDI’s contributed to the 
Indonesian economy immensely including: capital formation, revenue generation from exports, creation 
of employment opportunities, supplier and sport industries, technology transfer and generation of tax 
revenue. With an already developed human capital and social institution, the foreign firms paid higher 
wages for the educated Indonesians than local firms; this meant that with the increase of FDI’s wage 
rates increased. 
International Trade 
 International trade is a major contributor to the growth of the Indonesian economy. Since 1967 
Indonesia- has maintained an average annual growth of 27 %( World Bank). Indonesian main exports are 
exports and mining (gas and oil) and these two sectors contribute to over 60% of GDP. With decreasing 
oil prices in the 1980, the Indonesian government decided not to only depend on revenue from the oil 
and gas but rather to promote growth in the manufacturing sector. The government made attempt to 
restructure the economy, especially in the manufacturing sector. The government made attempts to 
attract FDI’s into the economy in order to promote manufacturing. The economic restructuring process 
involved improving physical infrastructure as well as developing a solid human and social capital.  By the 
1990’s positive growth in the manufacturing sector positively impacted on exports and today exports of 
manufactured products is a major contributor to Indonesian economic growth. 
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Physical and Human Capital Accumulation 
Investments in human capital immensely contributed to the growth of the Indonesian economy. Hill 
(2000) was of the view that, technological change was facilitated by investments in human and physical 
capital. To attract investors the Indonesian government invested massively in transportation, 
manufacturing and industrial infrastructure in order to promote growth. More importantly the 
Indonesian government introduced educational reforms in the 1970’s (INPRS program) where the 
government launched school construction projects and this resulted in a dramatic growth in school 
enrolment and today the growth of human capital is attributed to the Indonesian government’s efforts 
made in the 1970s. The reason why Indonesia attracts FDI’s is because the economy has the necessary 
infrastructural base as well as a well-developed human capital. But the IMF suggests that if Indonesia is 
able to improve on its human capital base, its economy will grow at a much faster rate than it is doing 
now. 
Macro Stability 
The Indonesian government put a lot of effort into controlling inflation, stabilizing exchange rates, 
maintaining a positive interest rate, managing public debts and maintaining a prudent fiscal policy. 
According to Hill (2000), the Indonesian government was not just committed but also successful in 
keeping inflation rates low in the last four decades. Because the economy was very successful at 
maintaining macro stability, it boosted investments and trade. 
4.4 Brazil  
Brazil is one of the fastest growing emerging markets, with current GDP standing at $2.3 trillion (IMF, 
2011).  Brazil is the fifth most populous nation in the world with the population of 194 million. In 2010 
the Brazilian economy grew at the rate of 7.5% according to the IMF.  Brazil’s international reserves and 
Inflows of foreign direct investments are at an all-time high. The current tide of economic growth in 
Brazil has improved the distribution of income therefore creating a new lower middle class who are also 
enjoying access to consumer durable and credit. Access to education and health service is universal in 
Brazil. The recent growth in the Brazilian economy is attributed to the structural reforms adopted by the 
Brazilian government two decades ago.  The reforms that the government adopted are the major driver 
of FDI’s and technological change in Brazil. Some of the reforms the Brazilian government adopted 
included: 
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Stabilization Efforts 
In the 1980’s the Brazilian economy experienced stagnation in income levels, inflation as well as interest 
rate soared and the economy was plagued with a server balance of payment problems.  Brazil’s situation 
was made worse by the fact that it was ruled by a military dictatorship; therefore the Brazilian economy 
was closed and thus could not receive external help. After the end of the military dictatorship, the 
finance ministry introduced reforms in an attempt to stabilize the economy; which included currency 
reforms and a stabilization of exchange rates. These reforms were very successful because it managed 
to push interest rates into single digits by 1996 thereby boosting consumer confidence. But however 
these reforms failed to support the monetary stabilization efforts; therefore the Brazilian economy was 
supported by external IMF and bilateral official financing. This program included fighting monetary 
policies and adopting inflation targets. The Brazilian government adopted as many as 2000 Fiscal 
Responsibility laws as well as measures to control local and state debts. This program was very 
successful especially in controlling inflation and exchange rates. 
Health and Education Reforms 
The Brazilian government adopted comprehensive reforms to govern access to health and education as 
it was critical to its future growth. The government created the national health system making health 
care accessible and affordable to all Brazilians. 
 The Brazilian government also introduced reforms in education to make up for the shortfalls in their 
current educational system. The educational reforms allowed for the creation of funds that allowed 
municipalities to contribute 15% of their own and shared in education. The education reforms in brazil 
was focused on improving the quality of basic education, reducing functional illiteracy, increasing 
enrollment in technical and vocational institutions , improving skills of the Brazilian workforce and 
increasing enrollment in higher  education. 
Even though there is room for improvement, Brazil has one of the developed workforces in South 
America and it has one of the lowest illiteracy rate in the sub region. 
Privatization and regulatory reforms 
Brazil used to be a closed economy especially during the period it was under a military dictatorship in 
the 1980’s. After the fall of the military government, Brazil embarked on a massive open market reforms 
and thus privatizing non performing sectors and industries.  Brazil did not just privatize traditional 
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industries such as energy transportation and communication but it also privatized mining and other 
industries in the manufacturing sector. To ensure to growth in investments (both local foreign) in the 
various sectors Brazil adopted various measures such as infrastructural development and industrial 
policies. The lack of infrastructure in the Brazilian economy such as accessible roads, railways and 
airports constrained productions and exports since there was the lack of investments in manufacturing, 
mining and the agricultural sector. The Brazilian government therefore undertook an ambitious effort to  
invest in transportations, building roads railways and airports in the 1990’s to ensure that investors gain 
access to the various regions of the country . The Brazilian government also invested in research and 
development facilities and innovations and the major focus was to improve productivity and ensure 
technological growth. 
In the last two decades the Brazilian economy has emerged from total stagnation to the frontiers of 
growth; it is the number one economy in South America and it is one of the fastest growing emerging 
markets. 
The research page will test whether there is a direct link between population density and economic 
progress of these economies or whether these economies are experiencing growth because of their 
economic reform policies. 
 
4.5 Descriptive data analysis 
 Brazil, Indonesia and China are among the fastest growing economies in the world, and the data below 
confirms that fact.  GDP growth rates in the three economies were astronomical in the last two to three 
decades and this can be attributed to the growth in foreign direct investments and technology. What 
drive FDI’s and technology in these economies could probably be due to their population densities. The 
three economies are among the most populous countries in the world. The population densities of the 
three economies are very attractive to investors, because these investors seek larger markets and also 
competitively priced inputs such as labor. Due to their population size, the China Indonesia and Brazil 
are among the top destination for FDI’S; this is because these three economies have large markets and 
an affordable labor force.  Another reason why these economies are growing is also due to the growth 
of technology, which is an incidence of FDI’s; this is because investors bring in new technology but also 
due to the population density of these economies, it is easy to diffuse technology. Diffusion of 
technology in these economies is made easy because of the fact that the govern of China Brazil and 
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Indonesia  in the last four to five decades have made a lot of effort to develop their labor force through 
educations and other training programs. 
                                      Brazil 
Year 
Population 
(million) 
GDP 
$(million) 
Δ Population 
 
ΔGDP 
 
1960 73 15166     
1970 96 42328 32% 179% 
1980 122 235025 27% 455% 
1990 150 461952 23% 97% 
2000 174 644702 17% 40% 
2010 195 2143035 12% 232% 
                                     Table 4.2. Source: Penn World Table (www.pwt.econ.uppen.edu) 
 
The Brazilian economy grew nearly 125 fold between 1960 and 2010 and in the same period, its 
population also grew by 1.6 folds. With a large population, a well-developed labor force, an abundance 
of natural resources and infrastructure, Brazil attracts large number of investors who bring in new 
technology as well as knowledge. Brazil has a fast growing manufacturing and service industry creating 
new jobs on a constant basis and the Brazilian economy has a fast declining poverty rate in the last two 
decades. 
                   Indonesia 
YEAR 
Population 
(million) 
GDP 
$(million) 
Δ Population 
 
ΔGDP 
 
1970 118 5981     
1980 151 78013 27% 1204% 
1990 184 114426 22% 47% 
2000 213 165021 16% 44% 
2010 240 708027 12% 329% 
                                  Table 4.3 Source: Penn World Table (www.pwt.econ.uppen.edu) 
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In 1960’s the Indonesia economy used to rely solely on its oil and gas output and manufacturing or the 
industrial sector was almost nonexistence.  Despite being very attractive to investors, it was a closed 
economy and the government controlled most of its industries. However in the 1980’s the government 
of Indonesia opened up its economy to investors. Investor’s brought in new technology which was easily 
diffused because of the growth of its labor force. The manufacturing sector expanded during that period 
thus creating jobs. From the table we can see that between 1970 and 1980, the Indonesia economy 
grew by 1204% or 12 folds and this is due to the fact that the government opened up the economy to 
investors enabling technology and output to grow 
 
 
                                       China 
Year 
Population 
(million) 
GDP 
$(million) 
Δ Population 
 
ΔGDP 
 
1960 667 61378     
1970 818 91506 23% 49% 
1980 981 189400 20% 107% 
1990 1135 356937 16% 88% 
2000 1263 1198475 11% 236% 
2010 1338 5930529 6% 395% 
                                       Table 4.4 Source: Penn World Table (www.pwt.econ.uppen.edu) 
 
China was also a closed economy until new reforms we made in 1978, that opened up the economy to 
foreign investors. With a large market due to a large population density as well as a growing labor force, 
china attracts many investors, who brought in new technology, turning the agricultural economy to an 
industrial power.  Today the china is the fastest growing economy in the world and has one of the 
largest capital reserves in the world. 
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4.6 Scatter plot 
The graphs below show a scatter plot of Brazil Indonesia and China. The scatter plot shows a positive 
relationship between population and GDP; this is because our scatter plot shows that the line of best fit 
has a positive gradient for the three emerging economies. There are a number of reasons why there is a 
positive relationship between population and GDP in these three economies.  One reason is that dues to 
their population size, investor s may be attracted into these economies and this will lead to a 
technological change as well as a growth in output. Another reason is that as output grows and the 
economy also grows, migrants are attracted into the economy leading to a growth in population. 
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                   Graph 4.2 
 
 
 
                     Graph 4.3 
The scatter plots above shows that, as out population increase, GDP  in the brazilian economy also 
increase; thus there is a positive corelation between GDP and population in the brazilian economy.  The 
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scatter plots for the indonesia as well as the chinese economies, similary expresses a positive correlation 
between GDP and population growth. This can be show in the scatter plots of China and indonesia  
The basic reasson why there is a positive relation between population growth  and GDP is that as 
population density of the three economies widened; it creates a large market that attract investors into 
these economies. Investors( both local and foreign) are attracted to these economies because of their 
population size beccause they can gain access to a larger market,  as well as the needed labour force . 
These investors also bring in new technology that drives efficiency growth in the economy; and with the 
large population as well as a well-developed lab our force these economies are able to diffuse 
technology easily across a wider region in the economy, thus making all sectors and region in the 
economy very productive and efficient. The scatter plots below shows that re is a positive relationship 
between population growth and investments in the three economies. 
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                      Graph 4.4 
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Thus we can note that as population in the Brazilian, china’s and Indonesian economies increased 
investment also increased. This is due to the fact the fact that investors are constantly seeking new 
markets, client, and consumer and export markets; and thus are attracted to these economies. Investors 
are also attracted to the three economies because the offer a competitively priced labor. 
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                      Graph 4.8 
 
                      Graph 4.5 
As investment; increase the economy as grow; this is because investors bring in new technology and also 
allows to the economy to explore available and untapped resources. Researchers believe that for 
investments to drive growth in an economy is dependent on educational levels as well as openness in 
the economy. The three economies are opened economies and also over the year they had introduced 
reforms in order to improve on educational standards. The scatter plots below also confirm the fact that 
there is a strong relationship between growth in investments and GDP. Thus growth in investments is 
presumed to be a major drover of economic growth in three economies. 
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Results and Analysis  
 
4.7 Ordinary Least Squares(OLS) 
The table below is a summary of OLS test results to determine if there is a linear relationship between 
population growth and GDP 
Country Coefficient 
(Population 
intercept Std. 
Error 
t-stat 
Ratio 
Mean 
(Pop) 
Billion 
Mean 
(GDP) 
Billion 
Elasti- 
 city 
   R- 
Square 
Classification 
China            6.145    20.176 2.695 22.805 1.04 964.9 0.007 0.91 elastic 
Brazil           3.568    21.256 1.339 26.638  0.136    471 0.001 0.93 elastic 
Indonesia           2.909   20.036 1.467 19.831  0.178  166.5 0.003 0.90 elastic 
Table 4.5 
China 
Because the coefficients are positive it meant that there is a positive relationship between population of 
china and it’s GDP.   
The estimated coefficient on GDP (the slope) is 6.145 and the estimated intercept is 20.176 and the 
estimated t- stat ratio is 2.28; therefore the estimated equation can be written as: 
log	_݃݀݌ = 20.176 + 6.145 ∗ ݌݋݌ݑ݈ܽݐ݅݋݊ + 	ݑ 
 There are 52 observations and the number of estimated coefficient is 2, therefore the degree of 
freedom (DF) is 50. We select a 5% significance level, because it is a two sided test, it means that the 
critical value for each region is 2.5%. The critical value obtained from the table is 2.0086 since the 
computed t-value of 2.28 exceeds the critical t-value of 2.0086, we can therefore reject the null 
hypothesis that population has no influence on GDP. Thus population growth has a significant (positive) 
influence on GDP. GDP or output was very elastic to population change China. Between 1960 and 2011, 
a percentage change in population increased GDP or output by 0.007%. Population is a contributing 
factor to output growth and this is proven by the R- Square of 91%. 
Brazil 
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The estimated coefficient on GDP (the slope) is 3.568 and the estimated intercept is 21.256 and the 
estimated t- stat ratio is 2.664; therefore the estimated equation can be written as: 
log	_݃݀݌ = 21.256 + 3.568 ∗ ݌݋݌ݑ݈ܽݐ݅݋݊ + ݑ 
 There are 52 observations and the number of estimated coefficient is 2, therefore the degree of 
freedom (DF) is 50. We select a 5% significance level, because it is a two sided test, it means that the 
critical value for each region is 2.5%. The critical value obtained from the table is 2.0086 .Since the 
computed t-value of 2.664 exceeds the critical t-value of 2.0086, we can therefore reject the null 
hypothesis that population has no influence on GDP. Thus population growth has a significant (positive) 
influence on GDP. GDP or output was very elastic to population change China. Between 1960 and 2011, 
a percentage change in population increased GDP or output by 0.001%. Population is a contributing 
factor to output growth and this is proven by the R- Square of 93%. 
 
Indonesia 
The estimated coefficient on GDP (the slope) is 2.909   and the estimated intercept is 20.036 and the 
estimated t- stat ratio is 1.983; therefore the estimated equation can be written as: 
log	_݃݀݌ = 20.036 + 2.909 ∗ ݌݋݌ݑ݈ܽݐ݅݋݊ + ݑ 
 There are 45 observations and the number of estimated coefficient is 2, therefore the degree of 
freedom (DF) is 43. We select a 5% significance level, because it is a two sided test, it means that the 
critical value for each region is 2.5%. The critical value obtained from the table is 2.0167 since the 
computed t-value of 1.983 does not exceeds the critical t-value of 2.0167, we can therefore accept the 
null hypothesis that population has no influence on GDP. Thus population growth does not have a 
significant influence on the Indonesian GDP.  
The table below is a summary of OLS test to determine if there is a linear relationship between 
population growth and Investments. 
Country Coefficient 
(Population 
intercept Std. 
Error 
t-stat 
Ratio 
Mean 
(Pop) 
(Billion) 
Mean 
(GDP) 
(billion) 
Elasti-
city 
   R- 
Square 
Classification 
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China            5.932     19.385 2.381 24.91   1.04 301.9 0.002      0.93 elastic 
Brazil           3.359     20.059 1.749 19.20 0.135 431.8 0.001     0.88 elastic 
Indonesia           2.571     20.489 2.033 12.65 0.177 120.5 0.004      0.79 elastic 
Table 4.6 
 
China 
The estimated coefficient on investment (the slope) is 5.932 and the estimated intercept is 19.385 and 
the estimated t- stat ratio is 2.491; therefore the estimated equation can be written as: 
log	_݅݊ݒ݁ݏݐ݉݁݊ݐ = 19.385 + 5.392 ∗ ݌݋݌ݑ݈ܽݐ݅݋݊ + 	ݑ 
 There are 51observations and the number of estimated coefficient is 2, therefore the degree of 
freedom (DF) is 49. We select a 5% significance level, because it is a two sided test, it means that the 
critical value for each region is 2.5%. The critical value obtained from the table is 2.0096 since the 
computed t-value of 2.491 exceeds the critical t-value of 2.0086, we can therefore reject the null 
hypothesis that population has no influence on investments. Thus population growth has a significant 
(positive) influence on investments. Investments were very elastic to population change China. Between 
1960 and 2011, a percentage change in population increased investments by 0.002%. Population is a 
contributing factor to output growth and this is proven by the R- Square of 93%. 
Brazil 
The estimated coefficient on GDP (the slope) is 3.359 and the estimated intercept is 20.059 and the 
estimated t- stat ratio is 2.664; therefore the estimated equation can be written as: 
log	_݅݊ݒ݁ݏݐ݉݁݊ݐ = 20.059 + 3.359 ∗ ݌݋݌ݑ݈ܽݐ݅݋݊ + ݑ 
 There are 51 observations and the number of estimated coefficient is 2, therefore the degree of 
freedom (DF) is 49. We select a 5% significance level, because it is a two sided test, it means that the 
critical value for each region is 2.5%. The critical value obtained from the table is 2.0096 since the 
computed t-value of 1.920 does not exceeds the critical t-value of 2.0086, we can therefore accept the 
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null hypothesis that population has no influence on investments. Thus population growth has no 
significant influence investments in Brazil. 
Indonesia 
The estimated coefficient on GDP (the slope) is 2.571   and the estimated intercept is 20.489 and the 
estimated t- stat ratio is 1.983; therefore the estimated equation can be written as: 
log	_݅݊ݒ݁ݏݐ݉݁݊ݐ = 20.489	 + 	2.571 ∗ ݌݋݌ݑ݈ܽݐ݅݋݊ + ݑ 
 There are 44 observations and the number of estimated coefficient is 2, therefore the degree of 
freedom (DF) is 42. We select a 5% significance level, because it is a two sided test, it means that the 
critical value for each region is 2.5%. The critical value obtained from the table is 2.0181 since the 
computed t-value of 1.265 does not exceeds the critical t-value of 2.0181, we can therefore accept the 
null hypothesis that population has no influence on investments. Thus population growth does not have 
a significant influence on investments in Indonesian.  
Even though both models are not really conclusive, the fact the all the coefficients were positive 
suggests the there is a positive relationship beaten population growth and GDP and investments. There 
are several factors that account for GDP growth such as technology. Also even though the population 
density of the three economies may be an incentive that attracted investments, there may also be other 
factors such as labor costs and physical capital and other infrastructure that may have entice investors 
into the economy. But we can say that our model is very significant. Since investments also represents 
the saving rate in the economy out model suggests that a higher population growth in the three 
economies increases the saving rate. 
 
4.8 Augmented Dickey Fuller(ADF) 
The table below is the ADF test results for Brazil  China and Indonesia 
                          Level                  First Difference 
Country Variable lag Intercept 
Trend & 
intercept Intercept 
Trend & 
intercept 
Brazil Ln GDP 1 0.7373 0.409 0.0001 0.001135 
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  Ln Pop 1 0.7846 0.9976 0.1336 0.8938 
China Ln GDP 1 1 0.9747 0.00031 0.0000012 
  Ln Pop 1 0.0103 0.01701 0.3673 0.0001 
Indonesia Ln GDP 1 0.5904 0.5103 0.000013 0.000097 
  Ln Pop 1 0.000026 0.03649 0.12464 0.06468 
Table 4.7 
The general rule is that, once you reject the existence of unit root, then your data is stationary.  If the P-
value is more than 5%, we cannot reject the null hypothesis which states that; the given set of data has 
unit root or is stationery. If we look at the table above; at level, the P-values of log  of Population and log 
of GDP are above 5%, except for the log of population of Indonesia which are 0.00026 for Trends and 
0.00002 for Trend and Intercept respectively. Therefore at Level, we cannot reject the null hypothesis 
meaning that our data has unit root or is stationery. On the other hand at first difference, the P-values 
are less than 5%, except for log of population of Brazil which are 0.1336 for Trend and 0.8938 for Trend 
and Intercept respectively. This means that at first difference our data has no unit root because we can 
reject the null hypothesis. Thus our first difference values suggest that our set of data is not stationery. 
 
4.9 Johansen Cointegration 
The table below shows summary results of the Johansen Cointegrated test 
Hypothesized     
country 
Number of 
CE(s) 
Trace 
Stat P Value 
Brazil 0 161.94 0 
  1 1.7345 0.2002 
China 0 53.601 0 
  1 0.2504 0.6267 
Indonesia 0 174.15 0 
  1 2.792 0.1058 
                                                Table 4.8 
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The Johansen Cointegration is focused on testing the existence of long run relationship between 
population and GDP. Our decision is based on the idea that if the P-value is less than 5%, then we cannot 
reject the null hypothesis which states that, there is no Cointegrated equation and vice versa. From the 
table above, we have two hypnotized Cointegrated equations; the first one stating that there is zero(0) 
or no Cointegration  and the second one stating that there is at least one Cointegrated equation. 
The P-values for the first statement for Brazil, China and Indonesia are zero (0) which is less than 5%; 
therefore we cannot reject the null hypothesis that there is no Cointegration. If we look that the P- 
values for the second statement; Brazil is 0.2002, china is 0.6267 and Indonesia is 0.1058, which are all 
above 5%. 
We can therefore conclude that there is Cointegration among population and GDP and thus they have a 
long run association. This means that in the long run, population and GDP move in the same direction. 
Johansen Cointegration therefore rules out the possibility that our estimated relationship is spurious 
and thus we can confidently state that there is a casual relationship between population and GDP. 
 
4.10 Granger Causality  
The table bellows shows a summary of the test results for Granger Causality 
country Null Hypothesis Lag F Stats  P value  Decision 
Brazil Ln Pop does not Granger cause Ln GDP 1 1.2303 0.2729  Reject 
  Ln GDP does not Granger cause Ln Pop 1 4.2972 0.0436  Accept 
China Ln Pop does not Granger cause Ln GDP 1 0.17784 0.6751  Reject 
  Ln GDP does not Granger cause Ln Pop 1 7.4173 0.009  Accept 
Indonesia Ln Pop does not Granger cause Ln GDP 1 1.4548 0.2347  Reject 
  Ln GDP does not Granger cause Ln Pop 1 23.707 0  Accept 
 
Having established a long run relationship between population and GDP, it is also important to 
determine whether there is a causal relationship between population and GDP. The Granger Causality 
test will thus help us determine whether population cause GDP or vice versa. 
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From the table above we have two sets of null hypothesis and two sets of alternative hypothesis: 
Null hypothesis; 
1. H0:  population does not Granger cause GDP 
2. H0:  GDP does not Granger cause population 
Alternative hypothesis 
1. H1:  population Granger cause GDP 
2. H1:   GDP  Granger cause  population 
Our decision is based on the idea that if the p-value is more that 5%, then we cannot reject the null 
hypothesis that population does not Granger cause GDP. Form the table above, our results suggests a 
single directional causal relationship between population and GDP.  Thus our results suggest that GDP 
growth in the three countries is a contributory factor to their population growth. 
 
4.11 Implication of results 
Out empirical evidence suggests that in the three economies there is a long run relationship between 
population and economic growth. What is even important is that we were able to establish that there is 
a unidirectional causal relationship between the two variables. We were able to establish that GDP 
growth in these economies is a contributory factor to the growth or stability in growth of their 
population. Actually our finding is not further away from the finding of Kremer (1990) in his research; he 
asserted that the population size (density) of an economy will drive technological change (since it is easy 
to diffuse technology in a larger population density), resulting is the growth in output and as output 
grow it influences the population to grow. The reason why population grows when the economy is 
performing well is that migrants are attracted into the economy and also people can afford to have 
more children because they are richer. Malthus also established that when output or productions grow, 
populations also increase. He asserted that ‘the population will potentially increase exponentially while 
resources are infinite limiting the ability of the society to increase food production ’; thus Malthus was 
of the view that eventually the population growth will outstrip the power to produce food eventually 
thus causing hunger disease and poverty. But the design flaw of Malthus ideology was that he failed to 
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account for technological growth, because with technological growth output is not affected by 
diminishing returns and thus population growth does not outstrip output; this was the situation for the 
three economies. Kremer was actually of the view that population size leads to a growth in technology 
and as technology grows, population also grow. 
The three economies did not really experience abnormal population growth, but rather experienced a 
very steady population growth rate. In the last four to five decades Brazil’s population grew at an 
average rate of 2%, china’s population grew at an average of 1.4% and Indonesia 1.8%. The positive 
economic performance of these three economies is a contributory factor to the steady rate of 
population growth in these economies; this is because as these economies were performing well, there 
were no incentives for people to move out to seek opportunities elsewhere. As we already noted the 
large population densities as well as the steady growth rate in these three economies has been critical 
to their growth especially because they are able to attract the needed investments to drive growth. 
in terms of drawing a general relationship between population and GDP, it was Indonesia  that showed 
that  population  growth had no significant impact on its economic development( based on the OLS test). 
This is probably because the political turmoil and social unrest in the Indonesian economy has had a lot 
of negative impact on the economic performance especially in the last 5 years. Investments as well as 
output have fallen as a result of the turmoil in the Indonesian political setting. Brazil and China however 
showed a much stronger relationship between population growth and economic growth; this is very 
consistent with Kremer’s assertions that population density can contribute to technological change; 
Brazil and china had very well developed social institutions as well very well developed human capital 
and therefore technology diffused at a faster pace, thus promoting growth in output levels in the 
economies. 
Brazil was the only economy that showed a strong relationship between population growth and growth 
in investments (based on the OLS tests); China and Indonesia showed a much weaker relationship. The 
Chinese economy is still a very protected economy, the Chinese government still place ‘bottle-necks’ on 
foreign investments in order to protect its local industries; thus even though investments are increasing 
in the Chinese economy, it is not at a faster pace as its palpation growth and if the Chinese economy 
should achieved a full industrialization level, the Chinese government should allow in more investors, 
because these investors will bring in the necessary capital and technology that promotes growth. And as 
already noted the Indonesian economy is experiencing a fall in investments in the last 5 years and thus 
due to social and political upheavals. 
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The Johansen Cointegration test also suggested that there is a long run relationship between population 
density and GDP.  This is very important because it suggest that unless something is done about the 
Indonesia economy, GDP will grow at a diminishing rate and thus potentially stagnate the economy. 
Thus the Indonesian government would need to adopt new reforms and measure to attract more 
investors into the economy. 
The Granger Causality test suggested that there is a unidirectional relationship between population 
growth and GDP; thus our results suggested that economic growth is what contribute to the growth of 
the population density of the three economies. Malthus asserted that as food production increase, food 
prices become cheaper and since families can afford to feed themselves, they are encouraged to have 
more children. Kremer’s model also suggested that growth in technology result in growth in population; 
because technological growth result in growth in output and as output grow families become richer and 
thus can afford to have more children. One of the limitation of our model was that population must 
grow at the same pace as output and technology and does not allow for a fall in population growth.  
Therefore the unidirectional relationship between population growth suggests that as output grow 
population must also grow and thus very consistent with most demographic and economic development 
models. it is also worth noting that as output levels in economy increase, migrant workers are also 
attracted into the economy and this also account for the growth in population. This was the case in the 
United States during the industrial revolution of the 1800’s which saw the arrival of many migrant 
workers from Europe and Asia. 
 
 
4.12 Application of the framework (Brazil, Indonesia and china) 
 
Every economy requires key drivers of growth, and the three economies are no exception. To drive 
growth China, Indonesia and Brazil adopted economic reforms in order to improve its international 
trade and production. They adopted measures to attract FDI’s which is a critical aspect of their current 
growth. Growth in these economies is attributed to technological process; China today is ranked high 
when it comes to technological progress. Brazil and Indonesia today are sustaining their growth because 
of the amount of technology that has accumulated in their economies over the years. 
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Year Brazil Indonesia  China 
1960 15   61.37793 
1970 42 9.7 91.50621 
1980 235 78.0 189.4 
1990 462 114.4 356.9369 
2000 645 165.0 1198.475 
2010 2143 708.0 5930.529 
                                 Source: World Bank data: (GDP in billions of dollars at current US rate) 
 
Brazil’s GDP in 1960 stood at just $15 billion, but in 2010 GDP in Brazil’s grew to about 2 trillion dollars; 
which is an increase of over 140 folds in 5 decades. The Indonesian economies increased over 73 fold 
between 1970 and 2010 and finally the Chinese GDP increased about 96 folds between 1960 and 2010. 
Why this astronomical growth? It is the result of technological growth and operational efficiency in 
these economies. Progress of technology is not just due to the reforms adopted but also due to the 
population density and composition of the economies. 
 
 
0
1000
2000
3000
4000
5000
6000
7000
1960 1970 1980 1990 2000 2010
GD
P(
$ 
BI
LL
IO
N
S)
GDP :Brazil China Indonesia
BRAZIL
INDONESIA
CHINA
106 
 
 China adopted reforms in 1978, but then we can see from the graph that sustainable growth begun in 
the 1990’s. Indonesia introduced its reforms in 1982 and begun sustaining growth around year 2000. 
Finally Brazil introduced its reforms in the early 1990’s but started sustaining growth in 2000. These 
economies started sustaining results a decade or two after the reforms and the fact that this growth is 
being sustained suggests that technology is progressing in the economies. . Progress of technology is not 
just due to the reforms adopted but also due to the population density and composition of the 
economies; this is because with well-structured population in terms of education, technology over the 
years diffused in the three economies thus prompting technological change thus allowing the economies 
to operate efficiently. 
 With the introduction of reforms, these economies attracted investors (FDI’s), and these investors 
introduce new technology into the economy. Having a very well developed and skilled human capital 
coupled with a high population density, china Indonesia and china are able to defuse the new 
technology throughout the economy. Over time technology will change as the economies learn to 
advance and improve the adopted technology. The technology becomes part of the knowledge base of 
the economy and this will constantly improve over the years, as the economy learns. 
The population density of these economies played a vital role in the technological growth for a number 
of reasons. First the population density is a major reason why investors with new technology were 
attracted into the economy. 
The exogenous model suggests that, investing in Research and Development will depend on the number 
of people in the economy, because products are developed based on the number of people who are 
going to buy it.  With high population density, investors need to bring in new technology or invest in 
research in order to be competitive in these markets.  As this investor introduce new technology in 
these economies it becomes easy to diffuse the technology due to the fact that there are so many 
people in the economy spread over a wider geographical region. One critical reason why these 
economies were able to diffuse technology was the fact that the government invested in human capital.  
Researchers believe that technological growth in a population which highly educated people is much 
faster than in areas with very low education. 
The defined framework in chapter three provides us with a directional strategy of how economies can 
actually drive growth with their population density. Using the Brazilian, Chinese and Indonesia 
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economies as an example, the next step will be to define how economies can strategize and promote 
growth with their population. 
For economies with large population densities to achieve growth, they must be strategic in their 
approach because population can actually act as a natural driver of evolutional growth if structures such 
as education, physical infrastructure and other social institutions are put in place. Natural evolution of 
systems in the economy is what sustains growth in the long term, this is because if we look at 
industrialized economies, they had to adapt and constantly improved their industrialization process for 
decades.  Population acts as a catalyst for the evolution process because it attracts investors who bring 
in new technology and at the same time help defuse the technology throughout the economy. 
Our model suggests that for growth to occur there must be technology, monetary circulation, 
competitiveness and scarcity.  What this means is that, for growth to occur, it important that the 
economy increase the value of technology, generate monetary circulation in the market, develop 
measure to feed scarcity and also become competitive.  Population plays a vital role in the four 
processes mentioned since it drives technology change through the diffusion of new technology and at 
the same time population can help increase monetary circulation in the economy since a large 
population density can attract new investors into the economy.  Monetary circulation can also increase 
as a result of a large population density because; it can increase the savings rate in the economy and 
thus increasing the capital reserves in the economy. An economy can also become very competitive 
because of its population density because, manufactures or producers must constantly improve 
standards of products in order to maintain a market share; and for these reasons population can be 
viewed as a catalyst of growth. 
Our model is built on the premise that for every economy to grow it must be able to manage available 
resources; and this defines the ‘purpose’ of growth in the economy. Purpose defines what the economy 
must do to conserve energy. The purpose generally defines what the economy is doing to take control of 
its environment and it is termed the anthropic intelligence. Our model suggests that adapting to the 
environment involves adopting both minimal and maximal strategies; minimal strategies are those 
strategies that inhibits or stops growth from occurring and maximal strategies are those that catalyze 
growth. 
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Considering the three economies (china Indonesia and Brazil) the governmental reforms were focused 
on eliminating inhibiting factors in order to promote the catalysts that promote evolution or energy 
conservation function. The minimal strategies of the three economies involve paying prices so that 
maximum strategies can survive. Thus the governments of the three economies invested in macro 
stability, physical capital accumulation and openness so that the will be able to use their natural 
resource base  as well as population density to the necessary technological change that will lead to 
growth. Macros stability reforms ensure that there was monetary circulation in the economy to invest in 
new technology. Educational reforms ensured that the population base was well developed so that it 
can easily defuse new technology. Openness in the economy also attracted investors who brought in 
new technology. 
What drove growth in the three economies was their ability to ‘conserve energy’; and it comes in the 
form of increase in capital reserves through creating value and increased productivity, efficiency  
through technological growth and  putting resources to full employment. Energy conservation does not 
end it is an evolutionary process that the economy learns to adapt; over time the economy will learn to 
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master this energy conservation and this is what drives industrialization. Similar to what happened in 
the European and US economies in the 1800’s and the Japanese economy after the second world war; 
china, Indonesia and brazil are on the path of industrialization, they are not fully developed or 
industrialized economies yet but would have to go through all the stages of industrialization through 
learning energy conservation as well as industrial and economic evolution. What is important for these 
economies is that they have the population base that can aid their industrialization process, through 
growth in their market( through increased consumption), rapid change in technology and 
innovations(through diffusion of technology), increasing capital reserves(through increased savings) as 
well as high employment rates and decreased poverty rate( through increased investments in local 
industries). 
Before these economies reached this path of industrialization or sustained economic growth; they had 
to go through the four stages of growth as outlined in our frame work. 
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These four stages are very important because, without these growth functions population will just be 
dormant in the economy and thus will not be able to diffuse and aid the expansion of technology. 
Population itself plays a very important role in the four elements of growth. 
 The first stage of growth that the three economies employed was reactive growth which involved the 
avoidance of scarcity. With their growing population densities the three economies needed to grow 
output levels in order to avoid scarcity. Malthus was of the view that  output grows geometrically and 
populations grow  arithmetically and thus if measures are not put in place to grow output at a more 
faster rate  than the rate of population growth, scarcity can set in resulting in social and welfare 
consequences. Thus to avoid scarcity china and Brazil moved resources from a low productive 
agricultural sector to a more productive manufacturing and service sector. Indonesia also  improved 
productivity in its economy in the 1980’s by  attempting to stop its over dependence on the oil and gas 
sector and investing  in infrastructure that will support the growth of its industrial and manufacturing 
sector. 
  
The second stage of growth which the governments of the three economies adopted in order to 
promote growth is the government administered growth; which involves the government paying price in 
the form of infrastructural development, investments in educations and other macro-stability reforms 
that will drive in investors in the economy, promote the growth of technology and also promote the 
effective use of resources in the economy. The three economies invested in education and 
infrastructure in order to promote and maintain growth of their industries.  
The next stage of growth is the supply driver growth and it involves the growth of industries and the 
manufacturing sector. Supply function is very important in every economy because it keeps the market 
active and thus prevents inflation.  Supply driven growth is the result of technological growth. The three 
economies were able to grow in terms of supply because of technological growth; with their population 
density it was place in a better position to effectively diffuse technology   in order to bring about the 
necessary technological change that can promote sustainable growth.  China was able to achieve supple 
growth in the 1990’s even though they adopted economic reforms in the late 1970’s.  This is because it 
takes a while for technology to diffuse or it takes time for economies to adopt the needed technology 
that promote growth. Similar Brazil adopted economic reforms in the early 1990’s but then the Brazilian 
economy started growing around 2005. Also Indonesia adopted reforms to promote growth in the 
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industrial sector in the early 1980’s but results were achieved in the late 1990’s. But then it must be 
noted that once an economy is able to achieve supplied driven growth, then growth in the economy is 
sustainable since they have by then mastered the technology being used.   
The final stage of growth is the demand driven growth; which is a function that compliments the supply 
driven growth. It is the result of full employment of resource in the economy; thus the demand driven 
growth maintains that once demand growths, the supply function must also grow automatically in order 
to prevent inflation.  The demand functions of the three economies are active because consumption 
increased over the last few decades. Demand is a very important factor of growth; Michael Kremer was 
of the view that, technology will grow based on the demand in the economy. With large population 
densities, large market, reduced unemployment rates, and increased investments in welfare, 
consumptions in three economies increased thus driving the growth in supply through technological 
change. The IMF believes that the growth in the consumer market in china is a major contributor to its 
growth; this is because it’s increased competition among local industries and thus improving 
productivity.  
The first two element of growth ; which are the  reactive growth and administrative growth represents 
the ‘minimal strategies’ and thus involves the paying of price such as  human and physical capital 
investment. The minimal strategies push the economy to be productive to avoid scarcity; but at this 
point technology is new and thus growth cannot be sustained. 
The second two elements of growth which are supply driven and demand driven growth, represent the 
maximal strategies. Once these two levels of growth are achieved value is created because of 
technological advancement and the growth of the consumer market. But at this stage growth can be 
sustained because there is a maturity in technology; thus because technology increase the economy 
becomes efficient because dimension returns to output will move closer to zero. 
 
 
4.13 Chapter summary 
• Based on the case; China Indonesia and Brazil adopted reforms in order to promote growth in 
their economies. In 1978 china adopted reforms to improve its labor force, become a free 
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market, improve physical infrastructure and also maintain macro stability in order to promote 
growth. Indonesia and Brazil adopted similar reforms in the 1980’s and 1990’s respectively. 
• Our data showed a positive relationship between population growth and GDP growth as well as 
population growth and growth in investments based on the scatter plots; thus suggesting that 
population growth and a high population density are key drivers of investments and as 
investments grow, output levels in the economy grow.  
• The OLS test proved that population growth and density is a key driver of output growth in the 
Chinese and Brazilian economies but not in the Indonesian economy. On the other hand its only 
china that showed that population growth significantly influences investments. 
• The ADF test suggests the data for the three countries has unit root at level but not at first 
difference. 
• Johansen Cointegration proved that, that there is Cointegration among population and GDP   in 
China Brazil and Indonesia and thus they have a long run association. 
• Granger Causality suggests that, growth in output levels in the three economies in what 
contributes to their population growth. 
• The Framework suggests that, the reforms that the governments of Brazil Indonesia and china 
adopted were minimal strategies; which were the price they had to pay in order to drive their 
maximal strategies to promote technological change. The maximal strategies include natural 
resources and population growth or density. Without minimal strategies growth is inhibited in 
the economy growth is inhibited resulting in scarcity; the maximal strategies act as catalyst of 
growth since they drive technological change  
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CHAPTER 5 
Conclusion and Recommendation 
 
 
 
 
5.1.  Introduction 
Population is a very important factor to consider when it comes to economic growth; population is 
known to affect capital per head, reduce welfare and general standard of living, increase government 
expenditure, cause unemployment and other labor related problems such as wage rates.  Most of the 
poorest countries in the world have very high birth rates and high population densities. Countries like 
Pakistan Nigeria, Bangladesh and Ethiopia are among the most populous nations in the world and these 
economies rank among the poorest countries in the world with low productivity, high unemployment 
low capital accumulation and they are experiencing stagnations in growth. For this reason the World 
Bank and other economic bodies encourage that, these economies develop reforms that will curb their 
long term population growth.  Today Malthus thoughts and ideas still echo’s in modern economics 
because economists are still divided on whether there is a real contribution of demographic change on 
economic development. Some countries have been extremely successful as a result of their 
demographic transition and others have not. China Indonesia and Brazil’s population grew by more 30% 
in the last half century, but they also experienced significant growth in their economies. But in the last 
two decades the world has seen a number of economies emerge from periods of stagnation to periods 
of growth.  The so called emerging markets are among the fastest growing in the world but then what is 
interesting about most of the emerging economies is that they have very high population densities. The 
8 largest emerging economies include, china, Brazil, India Indonesia, South Korea, turkey, India, Russia; 
these economies represent about 48% of the world population. This makes us question the conventional 
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wisdom that population growth has a negative effects on economic development. But it is important to 
note that population growth and population density are two different things and they both have 
different effect on economies. Most emerging markets have very high population density but at the 
same time low population growth rates. 
Population density composes of the accumulated growth of the population over a period of time. It is 
made up children adults and the elderly. If the population density is a built of natural growth rates, it 
means that there will not be more elderly people than younger people. The major problem with 
population densities is the fact that, there could be disparities in its composure, example a very large 
adult population and a very low children population. When this happens it can affect the economy since 
in the future the economy may experience shortages in labor.  
Population growth on the other hand tells us how many people are added to the current population and 
thus determines the birth rate. When the birth rate is too high, it may affect the economy in future but 
on the other hand if the birth rates are too low, the economy also stands to lose in the near future. 
Pakistan Bangladesh , Nigeria Vietnam and Ethiopia are among the countries in the world with the 
highest population densities but they have not achieve economic success as their emerging market 
counterparts; this suggests that demographic transition alone is not enough to support economic 
growth. To achieve growth demographic transition must drive technological change and for this to 
happen it will require a lot of effort from the government.  Technology to today is the most critical 
factor for growth and countries with high population density are placed at an advantageous position 
since they are able to diffuse new technology easily. But then the government must put up structures in 
place in order to attract new technology and at the same time equip the population with the tools that 
will enable the diffusion of technology. As already noted foreign investors are one of the agents that 
bring new technology and their efforts need to be put in place to attract these foreign investors.  To 
attract foreign investors’ china Brazil and Indonesia adopted sound macroeconomic policies such as 
stabilizing interest rates and inflation rates and tax reforms. They also developed the labor force 
through educational reforms because investors are attracted to economies with an abundant as well as 
well-developed labor force. Education of the general population is also critical when it comes to 
diffusing new technology in the economy. Also in attempt to bring in foreign investors the 3 economies 
improved on their social institutions such as introducing new health reforms and welfare policies. 
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Thus population itself (growth or density) does not drive economic. Population is not a natural drive of 
growth; what population does is to contribute labor to the economy. Even for economies that 
experience low population growth they can gain excess to labor from other countries, even though they 
will have to pay a high price for the labor. On the other hand labor efficiency is a driver of growth and to 
achieve an efficient labor force can be achieved through technological growth as well as the training and 
development of human capital.  To improve productivity economies need to adopt better technology. 
Butter technology ensures that factors of production operate efficiently.  We can see that as Brazil china 
and Indonesia improved their labor force it was able to operate efficiently and sustain growth. 
Population density of an economy is actually a key driver of technological progress and there are several 
reasons why population can drive technological progress. The first reason is that population density of 
an economy attracts investors to invest in an economy.  This is because investors are provided to 
opportunity to gain access to a larger market and affordable labor force. Market size really matters to 
investor and that is why economies with large population such as china Brazil and Indonesia are 
attracting FDI’s.  It is important to note that these new investors who are enticed to invest in the 
economy bring new technology which is critical for future growth. 
Another reason why population density drive technological progress is that, with a larger population, 
economies are able to diffuse the new technology that investors introduced easily. A lager population 
means that technological transfer is easy and thus when new technology is introduced it will be easy for 
all sectors of the economy to gain access to the new technology. But for population to diffuse easily it is 
important that the economy has a well-developed social institution and human capital. If we look at 
china Brazil and Indonesia, technological progress that lead to high and sustainable growth, was 
successful because the economies had well developed social institutions and human capital.  
Population growth itself will not contribute to economic development, because as we already noted 
population growth does not naturally drive growth. For population to drive growth government must 
put in place structure to develop and educate its population so that it will be easy to diffuse technology.  
Countries like Denmark Sweden, Norway the Netherlands and Belgium has very low population but still 
enjoy economic growth; this is due to the fact that, these countries have a very well composed social 
structure and a very well developed human capital base, therefore they can adopt and diffuse 
technology developed by other countries.  Therefore I will not recommend economies to grow their 
population in order to drive growth, but rather economies should restructure its labor force and tailor it 
to the needs of specific industries in the economy. 
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For economies with large population densities such as Nigeria, Pakistan, Bangladesh and Ethiopia, they 
can actually take advantage of their population density to drive growth.  First they need to adopt 
reforms that will enable them gain access to new technology. They must also develop their social 
institution and human capital through adoption of social and educational reforms in order to be able to 
gain access to new technology and diffuse it to promote technological change. They must move away 
from concentrating labor in the traditional agricultural industry and rather moving labor into the 
manufacturing sector. They can do this by developing or adapting new agricultural machinery so that 
the agricultural sector is not labor intensive.  Growth of technology occurs in the manufacturing and 
service sectors and thus it will be necessary to train their human capital and get them ready for future 
growth in the manufacturing sector. Since investors are the key drivers of new technology I will 
encourage countries with high population density to adopt reforms such as openness, macro stability 
and physical and human capital development in order to attract investors into the economy. 
Demographic transitions alone will not drive economic growth unless it is back by governmental reforms 
and one important area that governments need to concentrate on in order to drive growth is human 
capital development. And educated population stands a greater chance of gaining access to the 
technology that will promote growth. Economies like japan, United States and the United Kingdom owe 
their growth and success to a highly skilled and trained labor force.  All the emerging economies are 
progression technologically since they have a well-developed human capital base. 
Population growth can influence technological growth if; first it can influence the factors the influence 
the growth of new technology. Example economies with high population density and well developed 
human capital will attract investors.  This is because population act is producers due to the fact that they 
contribute to labor force. Thus if an economy has a well-developed human capital or labor force it will 
be able easily gain access to new technology.  Also investors with new technology will be attracted to 
the economy to take advantage of the labor force in the economy. 
Secondly the population must have the capacity to diffuse technology if it will promote growth. As we 
already noted if the human capital is well developed they will be able to easily diffuse new technology 
Finally to promote growth in an economy with high population density, it is important that   there is 
easy mobility of labor. This means that it will be possible to move labor from a low productive area to a 
high productive area in the economy. 
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5.2 Importance of a high population density 
Population density is very important to the growth of economies, this is because population density facilitates 
technological change, and this is because population density facilitates communication, exchange of ideas, creates 
a market and demand for innovations and diffuses new technology. Since population density creates a market, it 
attracts suppliers of new technology (investors).  
Population density also contributes to growth, because population is a contributor to the labor force. One of the 
most important factors of production in an economy is the labor. Increase in the labor force as a result of an 
increase in the population density can contribute to growth in income per capita, since an increase in labor force 
result in the growth of turnout (product) per worker so far as the labor force is equipped with the same amount of 
capital as previous. A larger population density will not automatically increase output unless there are capital 
investments in the tools and facilities that will improve the productivity of the labor force. One important area that 
governments need to invest in is education and training of the population. 
There are a number of reasons why education and training of the population can contribute to growth. The first 
reason is that an educated labor force attracts foreign direct investments (FDI’s).  A well-educated and trained 
labor force is an added incentive for investors to invest in an economy and as we notices earlier China, Indonesia 
and Brazil are attracting FDI’s because of their educational reform policies adopted earlier on in an attempt to 
improve their labor force. A well trained and educated labor force also enables the economy to venture into 
unexplored sectors of the economy and the additional labor force permit the exploration of unused natural 
resources. China Brazil and Indonesia we able to move their traditional based economies into the manufacturing 
and production sectors because they had a well-developed labor force that supported this transition. Prior to 
1978, china was an agricultural based economy and during those periods growth rates stagnated throwing the 
economy into an unending recession; with educational reforms in the late 1970’s, China was able to possess the 
necessary skilled labor that supported its industrial and manufacturing growth in the 1990’s.brazil was also able to 
transition from an agricultural and mining centered economy into a production and service centered economy 
because of their educational reforms of the 1990’s. Similarly Indonesia was also over dependent on its oil and gas 
industry in the 1980’s but then the economy was able to transition into the manufacturing sector in the 1990’s 
because of reforms in education that was adopted by the government in the 1980’s. with an already large 
population, education of the labor force allows for the spreading of  the population across uninhabitable areas of 
the economy that has good natural resource base thus allowing all areas of the economy to be productive thus 
resulting in an increase in capital per worker.  A larger and well developed population density makes division of 
labor also possible and therefore resulting in an improvement in productivity.  
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A larger population density also contributes to growth because labor can be moved around easily; thus labor can 
be moved from a lowly resourced or productive area to a highly resource or productive area. China Indonesia and 
Brazil were able to move their labor around from a lowly productive agricultural sector to a highly productive 
manufacturing and service sectors. 
Another reason why a larger population density contributes to growth is that, the population as it is a major 
contributor to capital stock in the form of saving and it is this capital stock to will be invested in education, 
technology and innovations that are necessary for future growth. An economy with a larger population density 
means that there will be a larger labor force that will be contributing to aggregate savings in the form of bank 
savings, pensions and retirement funds and also insurance foundations. Many people will also purchase treasury 
bills and other securities there by increasing the savings rate in the economy and once the savings rate increase 
the investments also increase and thus the economy will be able to invest in various sectors of the economy 
including education, health, the industry, technology and innovations thus creating new jobs and other avenues of 
growth. With a growing labor force china is, holds the number one spot when it comes to reserves, and because 
savings rate in the economy is constantly. China is a leading lender to the United States treasury and the Chinese 
government is increasing its investments funds across the world especially in Africa and South America.  
All things being equal, population will act as consumers and this is very important for the growth of the domestic 
market because the demand and supply functions of the economy needs to be fully functional. A larger population 
density means a large domestic market and this will allow for maximum economies of scale, maximum use of 
plants and resources and thus resulting in the growth of industries. As output grow investors will earn a higher 
return on their investments; permitting them to expand their operations.  A smaller population density means a 
smaller domestic market placing a limit to economies of scale in such markets since industries will only be limited 
to the demands in the market and thus there will be very little incentive to expand operations. 
 
5.3 Recommendations  
Countries with large population markets such as Pakistan, Nigeria Bangladesh, the Philippines , Vietnam 
, Ethiopian and the Democratic Republic of Congo could become the new emerging markets; this is 
because the possess a population base that can actually support growth through technological change. 
They also have a large domestic market that can be used to optimize resources through economies of 
scale.  
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But then transitions of their economies into emerging economies will take a lot of effort and also many 
years, this is because government of these countries will need to put in place both political, social and 
physical structures in place in order to aid growth. 
The first structure that must be put in place, if these economies are to grow is political stability and fair 
democratic dispensation. Countries like Nigeria, Congo, Pakistan, DRC and Bangladesh have suffered 
decades of political instability, war and the absence of democratic governance.  This situation is a major 
contribution to the lack of growth in these economies because investors are force to leave due to lack of 
security for their investments. This means that technological change or growth is usually halted.  
Political instability means that there will be the lack of investments in both human and physical capital 
and thus the economy will lack the necessary labor as well as physical needs for growth. China and Brazil 
are classic examples of countries that suffered as a result of political instability. . prior to the reforms of 
1978, china was under a strict communist government that kept the economy closed  form foreign 
investors; but in the 1980’s and 1990’s  the political terrain of china change shifting from a communist 
governance to a more capitalist governance there by opening the economy up to foreign investors. This 
allowed for growth of technology and greater economies of scale; and it is as a result of openness in the 
Chinese economy that has contributed to its growth today. 
Brazil was also under a military government in the 1980’s, and this kept the economy closed to most 
foreign investors  and it was after the fall of the military government in the late 1980’s that saw an influx 
of foreign investors  into the Brazilian economy. These examples suggest that democratic dispensation is 
important to the growth of any economy. 
The next factor of growth that I propose economies with large population densities focus on is macro 
stability.  Economies should focus on maintaining low interest rates as well as inflation rates in the 
economy. Investors are always looking for a higher return on their investments and high interest’s rates 
as well as inflation rates are disincentive to investors since it erodes their profits and thus prevents them 
from increasing their investments to other sections of the economy. As inflation and interest rates 
increase, the population also suffers a loss of their income as   prices increase and thus they will not be 
able to save, therefore reducing the capital accumulation in the economy. 
 
Another factor of growth is education; this may be the most important factor of growth. Education and 
training improves the quality of labor force, making the labor force efficient. An efficient labor force will 
allow for greater specialization, the use of new technology thus resulting in the growth of output per 
worker. Economies with large population densities stand to gain from education and training of the 
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population because they are able to diffuse knowledge technology and innovations across a wider 
region of the economy thus putting to full use the resources of the economy.  Education and training of 
the labor force enable the economy to explore unexplored territories and resources; china brazil and 
Indonesia are classic examples because they introduced educational reforms focused at empowering 
and improving the labor force and decades latter there were able to take advantage of their knowledge 
resources by moving labor from a low productive agricultural sector to a high productive manufacturing, 
service and industrial sector. 
 
 Another key driver of growth that economies with large population densities should focus on if they are 
to grow is health and social reforms.  There must be reforms policies in order to secure the health and 
wellbeing of the entire population; it must be noted that a healthy population means a healthy work 
force. Social policies such as welfare policies women education and reproductive health issues   brings 
about equality in the society; thus there will be less social upheavals  such as strikes, demonstrations,  
and increase crime rate that could cripple the local economy. 
 
Finally to promote growth, countries with large population densities, should invest in physical 
infrastructure.  Physical infrastructure supports technological change firstly because it is one of the 
major factors that attract foreign investors with new technology to invest in the economy. And secondly 
once new technology is introduced; physical facilities such as communications and transport facilities 
will ensure that the new technology or knowledge is diffused across a wider spectrum in the economy. 
 
5.4 Final comments 
In the three test conducted, china provided the most conclusive results. The Ordinary least Squares tests 
suggests that population growth and GDP have an elastic relationship, meaning that a unit change in 
one variable will influence a change in the other. The OLS test also suggested that a change in 
population influenced a change in investments. Meaning that as the population density in china widens; 
investors are attracted into the Chinese economy or investors already in the economy increase their 
investments; the reason is that output or production in the Chinese economy depends on consumption 
in the Chinese economy; thus the Chinese power is a major driver of growth in the economy.  
The augmented dickey fuller test also proved that there is unit root meaning that the Chinese 
population and GDP are integrated at the first level. 
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The Johansen Cointegration also suggests that there is the existence of cointeration or long-run 
association between population and GDP China.  The Granger Causality test also suggested that there is 
a unidirectional causal relationship between population and GDP; specifically, GDP growth in the 
Chinese economy is what causes the chines population to grow. 
Does granger causality test findings defeat the ideology that ma high population density influences 
economic growth? The answer is know because the chosen model suggests that population technology 
and output levels grow at the same rate, and the model does not allow for falling population rates, thus 
suggesting that anytime output level in the economy grow, the population of the economy is also 
expected to grow. 
It is important to note that, it is not the direction of influence that matter since in the long run 
population and GDP will move in the same direction; but what is important is the composition of the 
population. The major determinant of growth in the economy is technology and the major driver of 
technological change is education. Thus because china has a large population density as well as an 
averagely trained labor force, the Chinese economy is growing quickly. What a population does is to 
diffuse new technology introduced in order to ensure that all sectors as well as all regions in the 
economy are productive; the larger population density also enable technology to change or transform 
quickly, since there are so many people contributing to knowledge in the economy. The large population 
density in china attracts new technology for a number of reasons. The first reason is that,  innovations, 
investment s in Research and Development(R&D), is dependent on the level of demand in the economy; 
Kremer(1993) was of the view that, the amount of products produced in an economy will be dependent 
on the number of people who will buy or use the product.  Thus with a high and growing population 
density, manufactures invest in new research and technology constantly in order to increase 
productivity. Another reason is that a larger population density that attract investor with new 
technology to invest in the economy; there are numerous reasons why investors will invest in an 
economy and a large market (such as the Chinese market) which is an incidence of a high population 
density seems to be one of the major reasons. This is because investors are always interested in gaining 
access to new clients, consumers and export market. Another reason is that investors seek efficiency 
and thus attracted to economies with competitively priced labor. Governments also need play a vital 
role, when it comes to promoting growth in technology in the economy; thus governments need to 
adopt reforms or invest in structures and facilities that will bring new technology into the economy so 
that it can be diffused by the population base to promote growth.  The Chinese government adopted 
reforms such as macro stability, health and welfare policies and also invested in physical capital such as 
122 
 
communications and transportations in order to promote growth through technology.  Investors are 
attracted to economies with stable macroeconomics policies such as low inflation and interest rates, 
they are also interested in economies with sound welfare health policies and also investors are attracted 
to economies with well-developed physical infrastructural base. 
In conclusion; the conditional factors that will enable the population density of an economy to 
contribute to economic growth are technology (innovations) and education in the economy. Education 
influences technology to diffuse throughout the economy, thus ensuring efficiency in the entire 
economy. Technology and education are the main catalyst of growth, but governments need to invest in 
physical infrastructure and also adopt policies to ensure macro-stability, improvements in social welfare 
institutions such as healthcare and welfare, in order to attract investors with new technology into the 
economy. 
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